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Introduction

1. Introduction

The LOPOR library is an efficient library for option pricing and operational risk. It is user-
friendly and easy to use in combination with other libraries. For this reason, and contrary to all
libraries that | know, no special type of variable is defined. Only types defined in the standard
library std are used.

This manual is composed of two parts.

Thefirst part is devoted to present all tools (mainly statistical) necessary to solve problemsin
option pricing and operational risk. It isnot atext book for operational risk and only a manual
to use with the library. With these tools you are able to solve any problem in operational risk.
For example see [V 0se2003] which is readable and very interesting. Some other books less
useful could be [Marshall2001] and [Cruz2002].

The second part is devoted to option pricing and could be considered as a text book with
implementations. It cannot be considered as exhaustive and is still in expansion. The principle
of option pricing isto not allow arbitrage, i.e. the possibility to earn money without risk. To
understand this concept | advice you strongly to read the section Simple binomial model first.
It present some fundamental points of option pricing, martingales and risk neutral
considerations, through a very simple example. It is very useful to understand these concepts
in this case before going to more complicated modelization.

Moreover | used many books to construct this library. It isworth to remark that each new book
copy agreat part of its content (99 %7?) from old one. Thisis normal but what islessis:

1. They do do quote the reference of the original work
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2. The copy isusualy not well done

The last point is fundamental and explain why many books are ssmply not understandable and
why it is usually better to read the original articles. | tried to reference the works who inspired
me at each chapter. Moreover, there are some books that | used extensively: [Baxter1996],

[Joshi2003], [Wilmott2000] for an introduction, [James2001], [Rebonato2004a], [Brigo2001b]
for interest rate derivatives, and [Clewlow1998] and Numerical Recipes for implementation. |
also used [London2005] but be aware that this book contains many errorsin formulae,
programs, and reasoning.

Thislibrary could have some bugs. If you find one, please send me an email. Moreover if you
do not find a function which could be useful for you, or if you do not understand something,
please send me an email: Damien.L oison@physik.fu-berlin.de

2. General Syntax

All the library uses the LoPOR namespace. Y ou have two ways to include the library:

« You can include the "LOPOR.hpp" header:
#include "LOPOR.hpp"

« Or you can include each class that you need. For example
#include "Exponential.hpp"

3. Performance

"Our library is carefully made and extremely efficient ...". We could put the standard sentence
but the truth is:

. The C++isadow language (compared to Fortran or C). Some attempts have been made
to accelerate the C++. For example see the [Blitz++] library however we have not
included it to keep the LOPOR library small enough and easily portable.

. Themorefriendly alanguage/library is, the less efficient it is because it cannot optimize
all possible codes. In particular almost all functions of the distributions are virtual
which alow usersto create new distributions easily. But this slow down execution of
programs.

In conclusion,
. If the performances are extremely important for you, you should do al your programsin
C or in Fortran. You will gain until afactor 10 because of the language and also because

you can optimize your code for your specific application.
. Wetried to release an efficient C++ library keeping it as friendly-user as possible.
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4. Exception Handling

The errors are managed through the Error.hpp class. An Error isthrown if thereis a problem.
The syntax to throw one error is:

#include "Error.hpp"
#include "Global.hpp"
LOPOR::Error("define the error" + LOPOR::c2s(value) + "what you want" );

value can be adouble, integer, boolean, etc. We use the function c2s() for "convert to string”
defined in the class Global .hpp. To catch the Error the program must look like:

/[ Example Errorl.cpp download
I

#include "LOPOR.hpp"
using namespace LOPOR;

int main()
{
try
{
Exponential exp;
exp.setParameter(-2);

}

catch (const LOPOR::Error& error) { error.information(); }
return O;

}
And the output of this program is:

Error: LOPOR::Exponential(-2)::setParameter() = > The variable:-2 must be > 0

We can replace error.information( ); by std::cout < < error.value << std::endl;

Part |. Tools for OP and OR

Restricted version

. Random Number Generators

Restricted version
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A. Uniform [0,1] Random number generator

Restricted version

B. General Syntax for Univariate Distributions

Restricted version

C. Predefined Continuous Univariate
Distributions

Restricted version

1. Beta

Restricted version

2. Cauchy

Restricted version

3. Chisq

Restricted version

4. Exponential

Restricted version

5. Extreme Value

Restricted version

6. F

Restricted version
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7. Gamma

Restricted version

8. General

Restricted version

9. Histogram

Restricted version

10. Loqistic

Restricted version

11. Lognormal

Restricted version

12. Normal-Gaussian

Restricted version

13. Pareto

Restricted version

14. Rayleigh

Restricted version

15. Student-t

Restricted version
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16. Triangle

Restricted version

17. Uniform

Restricted version

18. UniformDelta

Restricted version

19. Weibull

Restricted version

D. Predefined Discrete Univariate Distributions

Restricted version

1. Binomial

Restricted version

2. Discrete

Restricted version

3. Geometric

Restricted version

4. Hypergeometric

Restricted version

5. Negbin
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Restricted version

6. Poisson

Restricted version

E. Transformations-Sum for Univariate

Distributions

Restricted version

1. Homotecy

Restricted version

2. Interval

Restricted version

3. Multiply

Restricted version

4. Sum

Restricted version

5. Translate

Restricted version

F. How to Construct a new Univariate
Distribution class-Rejection Methods

Restricted version
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1. Construct the Exponential class

Restricted version

2. Construct discrete distribution classes

Restricted version

3. Construct distribution from a function

Restricted version

4. Hasting

Restricted version

5. HeatBath

Restricted version

6. MetropolisRestricted

Restricted version

7. StepFunction

Restricted version

8. Accelerated Walker Method

Restricted version

G. Univariate Distribution functions

Restricted version
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1. Construct distribution from a function using the
FunctionDistribution class

Restricted version

2.Exponential Distribution function

Restricted version

3.Laguerre Distribution function

Restricted version

4.Linear Distribution function

Restricted version

5.Polynome Distribution function

Restricted version

H. Predefined Continuous Multivariate
Distributions

Restricted version

1.Multivariate Normal distribution

Restricted version

2.Multivariate Normal distribution using the Principal Component

Analysis

Restricted version

3.NORTA algorithm
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Restricted version

4.Point on a sphere

Restricted version

5.Point in a ball

Restricted version

6.Sobol quasi random numbers

Restricted version

|. Multivariate Distribution functions

Restricted version

1.Polynome Distribution function in M dimensions

Restricted version

Il. Fit

Restricted version

A. Cumulative 1

Restricted version

1. Method of Moments

Restricted version

2. Maximum Likelihood Estimator (MLE)
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Restricted version

3. Least Squares Method, Levemberg-Marquardt

Restricted version

4. Any Function

Restricted version

B. Cumulative 2

Restricted version

1. Least Squares Method, Levemberg-Marquardt

Restricted version

2. Any Function

Restricted version

C. Density

Restricted version

1. Least Square Method - Polynomial fit

Restricted version

2. Least Square Method - Exponential fit

Restricted version

3. Least Squares Method, Linear Sum of functions
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Restricted version

4. Least Squares Method, Levemberg-Marquardt

Restricted version

5. Any Function

Restricted version

lIl. Goodness of Fit

Restricted version

A. c2 test

Restricted version

1. Continuous distributions

Restricted version

2. Discrete distributions

Restricted version

B. Kolmogorov-Smirnoff test

Restricted version

C. Kuiper test

Restricted version
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Restricted version

V. Uncertainties

Restricted version

Restricted version

Restricted version

V. Correlations

Restricted version

Restricted version

Restricted version

Restricted version
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VI. Time series

Restricted version

A. Linear Mean Average

Restricted version

B. Exponential Mean Average

Restricted version

C. Wiener process

Restricted version

D. Statistics on Errors

Restricted version

VIl. Data Analysis

Restricted version

A. Statistics

Restricted version

B. Principal Components Analysis

Restricted version
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VIIl. Global variables and functions

Restricted version

A. Global

Restricted version

1. Global Variables

Restricted version

2. Global functions

Restricted version

B. Vector

Restricted version

C. Matrix

Restricted version

IX. Integration

Restricted version

A. One dimensional integration

Restricted version

B. Monte Carlo Integration
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Restricted version

1. Importance sampling

Restricted version

2. Veqgas

Restricted version

3. Integration with normalization

Restricted version

4. Losses

Restricted version

5. Useful formula for Gaussian integration

Restricted version

X. Finite Differences for Partial
Differential Equations

Restricted version

A. Diffusion Equation

Restricted version

1. Explicit finite difference

Restricted version
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2. Crank-Nicolson implicit method

Restricted version

3. Successive Over-Relaxation

Restricted version

B. General Equation

Restricted version

1. Explicit Finite Difference

Restricted version

2. Successive Over-Relaxation for the general equation

Restricted version

a. SOR First derivation

Restricted version

b. SOR - Second derivation

Restricted version

C. General Equation with Absolute Value

Restricted version

1. Explicit Finite Difference

Restricted version
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Xl. Ito's Lemma

Restricted version

A.One variable

Restricted version

B.Two variables

Restricted version

XIl. Mathematical Functions

Restricted version

A. Derivative

Restricted version

B. System of Equations

Restricted version

1. System of Linear Equations

Restricted version

2. System of NonLinear Equations

Restricted version

C. Minimum-Maximum
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Restricted version

1. Powel Method

Restricted version

2. Annealing Method

Restricted version

D. Maximum Likelihood

Restricted version

Xlll. Special Functions

Restricted version

A. error functions erf(x) and erfc(x)

Restricted version

A.incompleteBeta

Restricted version

B. incompleteGamma

Restricted version

C. logGamma

Restricted version
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D. polyGamma

Restricted version

Part II. Option pricing

Restricted version

l. Principle, Modelization and
Martingales

Restricted version

A. Market and Dynamics

Restricted version

B. Rule of Three and the principle of option

pricing

Restricted version

C. Simple binomial model

Restricted version

1. Model

Restricted version

2. Arbitrage and Portfolio
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Restricted version

a. Wronqg answer

Restricted version

b.Arbitrage

Restricted version

c.Calcul of the probabilities

Restricted version

d.Replication

Restricted version

e.Hedging and replication

Restricted version

3.Probabilities, risk neutral, and martingale

Restricted version

a.Calcul of probability

Restricted version

b.Calcul of the option

Restricted version

c.Why does it work?

Restricted version

4. Change of numeraire

Restricted version
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a.Calcul of probability

Restricted version

b.Calcul of the option

Restricted version

c.Why does it work?

Restricted version

5. Two stocks

Restricted version

a.1l/B numeraire

Restricted version

b.1/S numeraire

Restricted version

c.Marqgrabe or spread option

Restricted version

6.Tree and martingale

Restricted version

a.Filtration and Expectation

Restricted version

b.Calcul of the option

Restricted version

c.Replication and self-financing strategies
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Restricted version

d.Hedging

Restricted version

e.Change of measure: Girsanov's theorem

Restricted version

|.Calculating the option in the measure R

Restricted version

[l.Calculating the option in the measure R, second form

Restricted version

[1l.New measure Q

Restricted version

IV.Calcul of the option using the result of the measure Q

Restricted version

7.To the Normal distribution

Restricted version

D. Modelization of Stock Prices

Restricted version

E. Continuous world

Restricted version

1. Martingale, Numeraire, and Girsanov's theorem
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Restricted version

a. Martingale

Restricted version

b. Change of numeraire

Restricted version

c. Price of the option

Restricted version

d. Particular martingales

Restricted version

e. Black-Scholes result using the martingale concept

Restricted version

|. Calcul of the probabilities

Restricted version

[l. Solution of the equations

Restricted version

[ll. Calcul of the option

Restricted version

V. Easier derivation with a change of numeraire

Restricted version

f. Equivalence of martingale and PDE

Restricted version

file:///Userg/schotte/damien/essai.html (34 von 53)19.05.2005 19:46:14 Uhr



manual C++ LOPOR

g. Cameron-Martin-Girsanov's theorem

Restricted version

|. Distribution of W

Restricted version

[l. Example

Restricted version

lll. Formal form of the Cameron-Martin's theorem

Restricted version

V. Girsanov's theorem

Restricted version

h. Martingale for Stock with dividend

Restricted version

|. continuous dividend

Restricted version

ll. discrete dividend

Restricted version

Il. Equities

Restricted version

A. Stochastic differential equation

Restricted version
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1. Black-Scholes model without dividend

Restricted version

a. European Vanilla Option

Restricted version

|. Partial differential equation

Restricted version

[l.Diffusion equation

Restricted version

I1l.Solution

Restricted version

b. Numerical method for European Binary Option

Restricted version

. SOR method

Restricted version

ll. General SOR method

Restricted version

[ll. Crank-Nicolson method

Restricted version

V. Numerical integration

Restricted version

c. American Options
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Restricted version

. SOR method

Restricted version

ll. General SOR method

Restricted version

d. Time-dependent parameters

Restricted version

2. Black-Scholes model with dividend

Restricted version

a. Continuous dividend for European Vanilla Options

Restricted version

b. Continuous dividend for American Options

Restricted version

c. Discrete dividend

Restricted version

3. Exotic and Path Dependent Options

Restricted version

a. Compound options: options on options

Restricted version

b. Chooser options: options on several options

Restricted version
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c. Barrier Options

Restricted version

. Knock-out

Restricted version

l[I.Knock-ins

Restricted version

d.Lookback Options

Restricted version

|.Lookback European Call Options

Restricted version

ll.Lookback European Put Options

Restricted version

e.Asian Options

Restricted version

|.European Continuous Average Strike Options

Restricted version

[I.LAmerican Continuous Average Strike Options

Restricted version

[ll. European Continuous Geometric Average Options

Restricted version

V. Discrete Sampling Options

Restricted version
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4. Options with Transaction Costs

Restricted version

a.Derivation of the differential equation

Restricted version

b.European Vanilla option

Restricted version

c.Portfolio of Options

Restricted version

B. Volatility

Restricted version

1. Unbiased volatility

Restricted version

2. Implied volatility

Restricted version

3. Non constant s(t,S)

Restricted version

4. Jump-diffusion model

Restricted version

C. Binomial-Trinomial methods
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Restricted version

1. Risk free concept and implications

Restricted version

2. The Binomial model

Restricted version

3. Calcul of a non-path dependent option

Restricted version

4. Calcul of a path dependent option

Restricted version

a. Arithmetic average

Restricted version

b. Geometric average

Restricted version

c. Lookback options

Restricted version

5. Reformulation Binomial method: x=log(S)

Restricted version

6. Trinomial tree

Restricted version
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7. Implied tree

Restricted version

D. Monte Carlo for Options

Restricted version

1. A simple Monte Carlo

Restricted version

2. Flaws and advantage of the Monte Carlo

Restricted version

3. Acceleration of the simulation: variance reduction techniques

Restricted version

a. Importance sampling

Restricted version

b. Control variate

Restricted version

c. Better implementation of the normal distribution

Restricted version

|. Antithetic variates

Restricted version

I[I. Moment matching

Restricted version
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lll. Latin hypercubic method

Restricted version

V. Quasi random sequence

Restricted version

4. Estimating D and other Greeks

Restricted version

a. Finite Difference method

Restricted version

b. Direct method

Restricted version

5. A class for European options

Restricted version

6. Example European options

Restricted version

a. Up-and-out barrier

Restricted version

b. Lookback Monte Carlo with control variate

Restricted version

c. Vanilla option with importance sampling

Restricted version

d. High dimensional Asian Option with Principal Component Analysis
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Restricted version

e. Margrabe option

Restricted version

I. Analytical result

Restricted version

Il. Monte Carlo result with antithetic variate

Restricted version

f. Quanto option

Restricted version

|. Analytical result

Restricted version

Il. Monte Carlo result with antithetic variate

Restricted version

6. Estimating American options

Restricted version

a. Least Square Monte Carlo algorithm

Restricted version

b. Example: Maximum of two assets

Restricted version

c. Example: High Dimensional American Asian options

Restricted version
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d. Other methods for American options

Restricted version

|. State aggregation

Restricted version

Il. Simulated tree

Restricted version

I1l. Parametric exercise boundaries algorithm

Restricted version

l1l. Interest rate derivatives

Restricted version

A. Basics

Restricted version

1. Interest rate definitions

Restricted version

a. Compounded interest rate

Restricted version

b. Forward and Spot rates

Restricted version

2. Forward Rate Agreement
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Restricted version

3. Swaps

Restricted version

B. Interest rate modeling

Restricted version

1. Simple binomial model

Restricted version

a. Calcul of P(ty,t))

Restricted version

b. Forward tree: simpler calculation of P(T4,ty)

Restricted version

c. Calibration

Restricted version

d. American option

Restricted version

2. Why the interest rate modeling is more difficult than the equities

modeling?

Restricted version

3. generalities about interest rate models

Restricted version
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C. Bond pricing equation

Restricted version

D. Exact results for bond options

Restricted version

1. Ho-Lee model

Restricted version
a. Model
Restricted version

b. Bond option

Restricted version

c. Calibration

Restricted version

2. Hull-White model

Restricted version
a. Model
Restricted version

b. Bond option

Restricted version

c. Calibration

Restricted version

file:///Userg/schotte/damien/essai.html (46 von 53)19.05.2005 19:46:14 Uhr



manual C++ LOPOR

E. Binomial and trinomial tree for single factor

model

Restricted version

1. Black-Derman-Toy model

Restricted version
a. model
Restricted version

b. s(t)=s: Calibration to the yield curve only

Restricted version

c. s(t): Calibration to the yield curve and volatility

Restricted version

d. Example: bond option

Restricted version

e. Example: swaption

Restricted version

2. Trinomial tree for the Hull-White model

Restricted version
a. model
Restricted version

b. Tree construction and calibration

Restricted version
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| Three for X

Restricted version

Il Calcul of a(t)

Restricted version

Il Example of calibration

Restricted version

IV Tree function

Restricted version

c. Example: bond option

Restricted version

3. Trinomial tree for the Black-Karasinski model

Restricted version
a. model
Restricted version

b. Tree construction and calibration

Restricted version

c. Tree function

Restricted version

d. Example: bond option

Restricted version
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F. Black formula

Restricted version

1. Black Caplet formula

Restricted version

2. Black Flooret formula

Restricted version

3. Black Swaption formula

Restricted version
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