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l. END USERLICENSINGAGREEMENT
This End User Licensing Agreement applies FOR ALL SOFTWARE COMPONENT PRODUCT(S)

IMPORTANT READ CAREFULLY: ThHRUANTITATIVE EXPRESSD ("QUANTEXPRESSENd-
User License Agreement ("EULA") is a legal agreement between you, a developer of software
applications, ("Developer End User") andQUANTEXPRES®r all QUANTEXPRESBroducts,
controls, source code, demos, intermediate files, media, printed materials, and "online" or
electronic documentation ("SOFTWARE COMPONENT PRODUCT(S)") contained in this
installation file.

QUANTEXPRES@ants to you as an individual, a personal, nonexclusiveense to install and

use the SOFTWARE COMPONENT PRODUCT(S) for the sole purposes of designing, developing,
testing, and deploying application programs which you create. By installing, copying, or
otherwise using the SOFTWARE COMPONENT PRODUCT(S), yee &gbe bound by the terms

of this EULA. If you do not agree to any part of the terms of this EULA, DO NOT INSTALL, USE,
EVALUATE, OR REPLICATE IN ANY MANNER, ANY PART, FILE OR PORTION OF THE
SOFTWARE COMPONENT PRODUCT(S).

All SOFTWARE COMPONENT PR@DYEB) is licensed, not sold. If you are an individual, you
must acquire an individual license for the SOFTWARE COMPONENT PRODUCT(S) from
QUANTEXPRESS its authorized resellers. If you are an entity, you must acquire an individual
license for each Developr End User within your organization from QUANTEXPRESSr its
authorized resellers.

If the SOFTWARE COMPONENT PRODUCT(S) you have obtained is marked as a "TRIAL" or
"EVALUATION," you may install one copy of the SOFTWARE COMPONENT PRODUCT(S) for
testing purposes for a period of 30 calendar days from the date of installation (“"Evaluation
Period"). Upon expiration of the Evaluation Period, the SOFTWARE COMPONENT PRODUCT(S)
must be uninstalled and all copies destroyed.

RIGOROUS ENFORCEMENT OF INTELLECTUAIPERTY RIGHTS. If the licensed right of use
for this SOFTWARE COMPONENT PRODUCT(S) is purchased by you with any intent to reverse
engineer, decompile, create derivative works, and the exploitation or unauthorized transfer of,
any QUANTEXPRESSBtellectual property and trade secrets, to include any exposed methods or
source code where provided, no licensed right of use shall exist, and any PRODUCT(s) created as
a result shall be judged illegal by definition of all applicable law. Any sale or resale of ireaitual
property or created derivatives so obtained will be prosecuted to the fullest extent of all local,
federal and international law.
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A. GRANTOFLICENSE

This EULA, if legally executed as defined herein, licenses and so grants the single individual
Devdoper End User the following rights:

SOFTWARE COMPONENT PRODUCT{Speveloper End User may install and use the
SOFTWARE COMPONENT PRODUCT(S) on a single computer. Developer End User may also
install and use the SOFTWARE COMPONENT PRODUCT(S) on a podatyiputer.

B. LIMITATIONSONREVERSENGINEERINGECOMPILATION,
ANDDISASSEMBLY

You may not reverse engineer, decompile, create derivative works, translate, or disassemble the
SOFTWARE COMPONENT PRODUCT(S), and only to the extent that such activity liesskp
permitted by applicable law notwithstanding this limitation. You agree to take all reasonable,
legal and appropriate measures to prohibit the illegal dissemination of the SOFTWARE
COMPONENT PRODUCT(S) or any of its constituent parts and redistrilinés to the fullest
extent of all applicable local, US Codes and International Laws and Treaties regarding anti
circumvention, including but not limited to, the Geneva and Berne World Intellectual Property
Organization (WIPQO) Diplomatic Conferences.

C. SEPARATIONOFCOMPONENTS

The SOFTWARE COMPONENT PRODUCT(S) is licensed as a single PRODUCT(s). The SOFTWARE
COMPONENT PRODUCT(S) and its constituent parts and any provided redistributables may not
be reverse engineered, decompiled, disassembled or separatedr fuse on more than one
computer, nor placed for distribution, sale, or resale as individual creations by Developer End
User. The provision of source code, if included with the SOFTWARE COMPONENT PRODUCT(S),
does not constitute transfer of any legal rightdo such code, and resale or distribution of all or

any portion of all source code and intellectual property will be prosecuted to the fullest extent

of all applicable local, federal and international laws. AQUANTEXPRESBraries, source code,
redistri butables and other files remain QUANTEXPRESSexclusive property. You may not
distribute any files, except those that QUANTEXPRESSas expressly designated as
Redistributable.

D. RENTAL
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You may not rent, lease, or lend the SOFTWARE COMPONENT PRODUCT(S).

E. TRANSFER

You may NOT permanently or temporarily transfer ANY of your rights under this EULA to any
individual or entity without prior written approval from QUANTEXPRESSRegardless of any
modifications which you make and regardless of how you might conilg, link, and/or package
your programs, under no circumstances may the libraries, Redistributables, and/or other files
of the SOFTWARE COMPONENT PRODUCT(S) (including any portions thereof) be used for
developing programs by anyone other than you. Only yoas the licensed Developer End User
have the right to use the libraries, redistributables, or other files of the SOFTWARE
COMPONENT PRODUCT(S) (or any portions thereof) for developing programs created with the
SOFTWARE COMPONENT PRODUCT(S). In partictau may not share copies of the
Redistributables with other codevelopers. You may not reproduce or distribute any
QUANTEXPRESfcumentation without QUANTEXPRESSexplicit permission.

F. ROYALTYREEREDISTRIBUTION

QUANTEXPRES8RODUCT(s) may include cwin files ("Redistributable(s)") intended for
distribution by you to the users of software applications which you create. Redistributables
include, for example, those files identified in printed or odine documentation as
redistributable files, or thosefiles preselected for deployment by an install utility provided with

the SOFTWARE COMPONENT PRODUCT(S) (if any). In all circumstances, the Redistributables
for the SOFTWARE COMPONENT PRODUCT(S) are only those files specifically designated as
such byQUANTEXPRESS

Subiject to all of the terms and conditions in this EULA, you may reproduce and distribute copies
of the Redistributables, provided that such copies are made from the original copy of the
Redistributables included with the SOFTWARE COMPONENRODUCT(S) or modified versions
of the Redistributables which are provided to you byQUANTEXPRESSr those which you
create. Copies of Redistributables may only be distributed with and for the sole purpose of
executing application programs permitted unde this EULA that you have created using the
SOFTWARE COMPONENT PRODUCT(S).

REDISTRIBUTABLES. The following file(s) are considered redistributables under this EULA:
QuantExpressDataContainers.dll

QuantExpressDebugHelpers.dll
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QuantExpressDerivPricing.dl
QuantExpressMaths.dll
QuantExpressNUnitHelper.dll
QuantExpressProbability.dll

QuantExpressStdClasses.dll

AT NO TIME MAY DEVELOPER END USER CREATE ANY TOOL, REDISTRIBUTABLE, OR
SOFTWARE COMPONENT PRODUCT(S) THAT DIRECTLY OR INDIRECTLY COMPETES WITH
QUANTEXPRESSOFTWARE COMPONENT PRODUCT(S) WHICH UTILIZES ALL OR ANY
PORTION OF THE SOFTWARE COMPONENT PRODUCT(S) contained within this installation.

Distribution by the Developer End User of any desigtime tools (EXE's OCX's or DLL'S),
executables, ad source code distributed to Developer End User bBQUANTEXPRESS part of

this SOFTWARE COMPONENT PRODUCT(S) and not explicitly identified as a redistributable file
is strictly prohibited. The Developer End User shall not develop software applications tha
provide an application programming interface to the SOFTWARE COMPONENT PRODUCT(S) or
the SOFTWARE COMPONENT PRODUCT(S) as modified.

The Developer End User may NOT distribute the SOFTWARE COMPONENT PRODUCT(S), in any
format, to other users for developmat or application compilation purposes. Specifically, if
Developer End User creates a control using the SOFTWARE COMPONENT PRODUCT(S) as a
constituent control, Developer End User may NOT distribute the control created with the
SOFTWARE COMPONENT PRODUCTIiSIny format) to users to be used at design time and or

for ANY development purposes.

Developer End User MAY NOT REDISTRIBUTE any SOFTWARE COMPONENT PRODUCT(s) files
if using an evaluation, trial, Not for Resale, or demo version of the SOFTWABEBMPONENT
PRODUCT(s).

G. UPGRADES

If the SOFTWARE COMPONENT PRODUCT(S) is labeled as an upgrade, you must be properly
licensed to use the SOFTWARE COMPONENT PRODUCT(S) identifiecQUANTEXPRESS&s

being eligible for the upgrade in order to use the SOFTWAREOMPONENT PRODUCT(S). A
SOFTWARE COMPONENT PRODUCT(S) labeled as an upgrade replaces and/or supplements the
SOFTWARE COMPONENT PRODUCT(S) that formed the basis for your eligibility for the
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upgrade, and together constitutes a single PRODUCT(S). You may theeresulting upgraded
PRODUCT(S) only in accordance with all the terms of this EULA.

H. COPYRIGHT

All title and copyrights in and to the SOFTWARE COMPONENT PRODUCT(S) (including but not
limited to any copywritten images, demos, source code, intermediatdiles, packages,
photographs, redistributables, animations, video, audio, music, text, and "applets" incorporated
into the SOFTWARE COMPONENT PRODUCT(S) the accompanying printed materials, and any
copies of the SOFTWARE COMPONENT PRODUCT(S)) are owneQUANTEXPRESSr its
subsidiaries. The SOFTWARE COMPONENT PRODUCT(S) is protected by copyright laws and
international treaty provisions and therefore, you must treat the SOFTWARE COMPONENT
PRODUCT(S) like any other copyrighted material except that you maystiall the SOFTWARE
COMPONENT PRODUCT(S) as described in this EULA.

l. DUAL-MEDIASOFTWAREOMPONENPRODUCT(S)

You may receive the SOFTWARE COMPONENT PRODUCT(S) in more than one medium.
Regardless of the medium, you may use only one medium that is appropsafor your single
computer. You may not loan, sell, rent, lease, or otherwise transfer in any manner the other
medium to another user or entity.

J. U.SGOVERNMENRESTRICTERIGHTS

The Licensed Software is Commercial Computer Software provided with RESTRED RIGHTS
under Federal Acquisition Regulations and agency supplements to them. Use, duplication or
disclosure by the U.S. Government is subject to restrictions as set forth in subparagraph
(c)(1)(ii) of the Rights in Technical Data and Computer Softwarelause at DFAR 255.227013

et. seq. or 252.2117015, or subparagraphs (a) through (d) of the Commercial Computer
Software Restricted Rights at FAR 52.22719, as applicable, or similar clauses in the NASA FAR
Supplement. Contractormanufacturer is Quantitative Express Ltd, 12 rue Carnot, 83470, St
Maximin la ste Baume, France.

K.  EXPORRESTRICTIONS

QUANTEXPRES&pressly complies with all export restrictions imposed by the government of
the United States of America. You, as Developer End User, must agi@eo export or re-export
the SOFTWARE COMPONENT PRODUCT(S) within any created application to any country,
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person, entity or end user subject to U.S.A. export restrictions. Restricted countries currently
include, but are not necessarily limited to Cubdran, Iraq, Libya, North Korea, Sudan, and Syria.
You warrant and represent that neither the U.S.A. Bureau of Export Administration nor any
other federal agency has suspended, revoked or denied your export privileges.

L. NOTEONFAULTTOLERANCE

The SOFTWAE COMPONENT PRODUCT(S) nset fault tolerant and is not designed,
manufactured, or intended for use or resale as acline control equipment in hazardous
environments requiring fail-safe performance, such as in the operation of nuclear facilities,
aircraft navigation or communication systems, air traffic control, direct life support machines,
or weapons systems, in which the failure 0SOFTWARE COMPONENT PRODUCTg&)nology
could lead directly to death, personal injury, or severe physical or environmentalasnage.

M. DISCLAIMEROFWARRANTY

QUANTEXPRESS:xpressly disclaims any warranty for the SOFTWARE COMPONENT
PRODUCT(S). THE SOFTWARE COMPONENT PRODUCT(S) AND ANY RELATED
DOCUMENTATION IS PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER
EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, THE IMRVMERRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NONINFRINGEMENT.
QUANTEXPRES®OES NOT WARRANT, GUARANTEE, OR MAKE ANY REPRESENTATIONS
REGARDING THE USE, OR THE RESULTS OF THE USE, OF THE SOFTWARE COMPONENT
PRODUCT(S) IN TERMS OF CEBRRNESS, ACCURACY, RELIABILITY, OR OTHERWISE. THE
ENTIRE RISK ARISING OUT OF USE OR PERFORMANCE OF THE SOFTWARE COMPONENT
PRODUCT(S) REMAINS WITH YOU. No oral or written information or advice given by
QUANTEXPRESS its employees shall create a warrantyor in any way increase the scope of

this warranty.

N.  LIMITATIONSONLIABILITY

To the maximum extent permitted by applicable law, in no event shaQUANTEXPRES% liable
for any special, incidental, indirect, or consequential damages whatsoever (includingvithout
limitation, damages for loss of business profits, business interruption, loss of business
information, or any other pecuniary loss) arising out of the use of or inability to use the
SOFTWARE COMPONENT PRODUCT(S) or the provision of or failurgrtivide Support
Services, even iIQUANTEXPRES® s been advised of the possibility of such damages.
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Developer End User understands that the SOFTWARE COMPONENT PRODUCT(S) may produce
inaccurate results because of a failure or fault within the SOFTWARE CBONENT PRODUCT(S)

or failure by Developer End User to properly use and or deploy the SOFTWARE COMPONENT
PRODUCT(S). Developer End User assumes full and sole responsibility for any use of the
SOFTWARE COMPONENT PRODUCT(S), and bears the entire risk farefsibr faults within the
SOFTWARE COMPONENT PRODUCT(S). You agree that regardless of the cause of failure or fault
or the form of any claim, YOUR SOLE REMEDY ARDANTEXPRESS SOLE OBLIGATION
SHALL BE GOVERNED BY THIS AGREEMENT AND IN NO EVENT QHANEXPRESS
LIABILITY EXCEED THE PRICE PAID QOANTEXPRESBOR THE SOFTWARE COMPONENT
PRODUCT(S). This Limited Warranty is void if failure of the SOFTWARE COMPONENT
PRODUCT(S) has resulted from accident, abuse, alteration, unauthorized use or misapplicatio

of the SOFTWARE COMPONENT PRODUCT(S).

O. INDEMNIFICATION

You hereby agree to indemnifyfQUANTEXPRES&d its officers, directors, employees, agents,
and representatives from each and every demand, claim, loss, liability, or damage of any kind,
including actual attorneys fees, whether in tort or contract, that it or any of them may incur by
reason of, or arising out of, any claim which is made by any third party with respect to any
breach or violation of this Agreement by you or any claims based on the Apm@itons and the
SOFTWARE COMPONENT PRODUCT(S) included herein.

P. SUPPORBERVICES

QUANTEXPRESSnay provide you with support services related to the SOFTWARE
COMPONENT PRODUCT(S) ("Support Services"). Use of Support Services is governed by
QUANTEXPRESSolicies and programs described in the user manual, in "on line"
documentation and/or other QUANTEXPRESSyrovided materials. Any supplemental
SOFTWARE COMPONENT PRODUCT(S) provided to you as part of the Support Services shall be
considered part of the SOFTWAREGBPONENT PRODUCT(S) and subject to the terms and
conditions of this EULA. With respect to technical information you provide tQUANTEXPRESS

as part of the Support ServicesQUANTEXPRES®ay use such information for its business
purposes, including for SOFTWARE COMPONENT PRODUCT(s) support and development.
QUANTEXPRES®Ill not utilize such technical information in a form that personally identifies

you.

Q. TERMINATION
Without prejudice to any other rights or remedies, QUANTEXPRES®Ill terminate this EULA
upon your failure to comply with all the terms and conditions of this EULA. In such events, you
must destroy all copies of the SOFTWARE COMPONENT PRODUCT(S) and all of its component
parts including any related documentation, and must remove ANY and ALL use of such
technology immediately from any applications using technology contained in the SOFTWARE
COMPONENT PRODUCT(S) developed by you, whether in native, altered or compiled state.

R. MISCELIANEOUS
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This EULA shall be construed, interpreted and governed by the laws of the State of Nevada,
U.S.A. This EULA gives you specific legal rights; you may have others that vary from state to
state and from country to country.

This EULA may only be modied in writing signed by you and an authorized officer of

QUANTITATIVE EXPREZSD. If any provision of this EULA is found void or unenforceable, the
remainder will remain valid and enforceable according to its terms. If any remedy provided is
determined to have failed for its essential purpose, all limitations of liability and exclusions of
damages set forth in the Limited Warranty shall remain in effect.

QUANTEXPRESSserves all rights not specifically granted in this EULA.

ACKNOWLEDGEMENTS. D&per End User acknowledges that he or she has read this
Agreement, understands it, and agrees to be bound by its terms and conditions.

Should you have any questions concerning this EULA, or if you desire to contact
QUANTEXPRESr any reason, please cdact us directly in the United Kingdom at +44 (0)
1582 460 515, or write: Quantitative ExpressLtd, 12 Ennis Close, Harpenden, AL5 1SS, UNITED
KINGDOM
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II.  HOW TOINSTALLTHE SOFTWARE

A. SYSTEMREQUIREMENT

The software is primarily developed using Microsoft® Visual Studio ® and uses the Microsoft
.Net Framework 2.0 ®.

The software installation uses less than 50MB disk space. The software requires Microsoft
Visual Studio 208 ® or later. The software has not been tested under the LindkIONO
environment.

B. INSTALLING THESOFTWARE

The software is delivered with the full source code and consists in a normal standard
installation. Once installed you can open the Solution file in Visual Studio 2008.

C. How TOUSE THELIBRARIES IN YOUSWN APPLICATION

Using the Quant Expess is straightforward. You simply need to add them to your project
references as shown below:

= | QFE_Demo
+ =d| Properties
[ 5 | References |
.« EnwDTE
¢+ QE_Charting ™
.« « QE_DataContainers
- =3 QE_DerivPricing
-« QE_Maths
- <3 QE_Probability
o« QE_StdClasses
Yy <0 QE_StdUserControl ./
-« System
-« Systern.Data
-« Systern.Deployment

-« Systermn.Design

-« System.Drawing

-« Systern.Web

-« Systermn Windows.Forms
-« Systern.Xml

Sincethe software is delivered with the full source codet is possibleto either link the c#
projects or the compiled libraries depending on your needs.

D. GETTING FURTHER HELP
This reference manual is intended to be used alongside the help documentatiand the
QuantExpressDemo application This reference manual give a summary of the key classes and
what they might be used for. The help document describes what is in the libraries, namespaces
and classesn more details. The QuantExpressDemo Application allows the user to quickly see
how the clas®s may be used in a mrmal application and step through any examples using the
provided source code.
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|'_?Q A Quantitative Developers Documented Class Libral E‘ﬂg

& O

Home Print  Options

Contents | Index. | Search |

0 Quant Dev.DataContainers Namespace
@ QuantDev Finance Common Namespace
Q Quart Dev.Finance.Common. SpecislizedCalendars
Q QuantDev Finance DerivPricing Namespace
0 Quart Dev.Finance. Deriv Pricing .Closed Form Name
@ QuantDev Finance DerivPricing Closed Form Amer
Quart Dev.Finance Dex losed Form Asian
tive Developers Documented Class Library jorm Digitz
|5 @ QuartDev Finance DenvPricing ClosedFom. Lok
@ QuartDev Finance DerivPricing ClosedForm Powe
Q QuartDev.Finance DerivPricing Closed Form.Spec
0 QuartDev.Finance DerivPricing.Closed Form.Spec
Q Quant Dev.Finance DerivPricing. Historical Namesg
= () GuartDev Finance DerivPricing. MonteCarlo Name
@ HestonMonteCarloPricer Class
@ NorteCarloPricer Class
Q Quant Dev.Finance DerivPricing.PDE Namespace
0 Quant Dev.Finance DiscountCurves Namespace
@ QuantDev Finance Instruments Namespace
@ QuantDev Finance. Instrumerts Derivatives Names
Q QuantDev Finance Types Namespace
0 QuartDev.Maths Namespace
Q QuantDev Maths Delegates Namespace
0 Quart Dev.Maths.Exceptions Namespace
Q QuartDev.Maths Interpolation Namespace
Q QuartDev.Maths.LinearAlgebra Namespace
0 QuartDev.Maths.LinearAlgebra. Exceptions Name:
Q Quart Dev.Maths. Optimisation Namespace
@ QuartDev Maths Parser Namespace
Q Quart Dev.Maths. Probability Namespace
‘ Quart Dev.Maths.Probabilty Cortinuous Namespa
Q Quart Dev.Maths. Probability. Discrete Namespace
0 Quant Dev.Maths.Probability. Multivariate Namespa
@ QuantDev Maths Random Namespacs
0 Quant Dev.Maths.Regression Namespace
Q Quart Dev.Maths RootFinding Namespace
0 Quart Dev.Maths. Statistics Namespace
@ QuantDev.Maths Statistics. Tests Namespace
0 QuartDev.5tdClasses Namespace
@ QuantDev StdClasses Attributes Namespace
Q QuartDev.5tdClasses Clipboard Namespace
Q Quant Dev StdClasses . Exception Namespace
Q Quant Dev.5tdClasses SAL Mamespace

A Quantitative Developers Documented Class Library
HestonMonteCarloPricer Class
Mamespaces » QuantDev.Finance.DerivPricing.MonteCarlo » HestonMonteCarloPricer c# .I

The underlying and volatility diffusion process are:
d5(t) = Mu S(t) dt + SQRT[V(E)) S(t) dZ1(t)
dV(t) = Kappa [Theta - V(t)] dt + S1G SQRT(V(t)) dZ2(t)

The variance process is simulated using a simple Euler discretization but using the absolute value of V(T)
in the sguare root to solve the problem of negative value when calculating the square root. —

Other Euler discretizations are possible such as:
- absorption: when the value becomes negative the value is set back to 0. This creates a positive bias

- reflection: when the value becomes negative the absolute value is used. This creates an even bigger
positive bias

The used Euler discretization allows for negative value but:
1 - The caller can change any negative value to 0 (using the absorption scheme) if desired
2 - In most cases having a negative value is "fine" - This is the case for the Heston's Model

3 - The properties of the simulated process are closer to the theoretical process than if the absorption or
reflection schemes were used

For the removal of doubt it is possible to simulate the process using an exact law using a Chi*2 but then i
is not possible to correlate that process which is why the Euler discretization is preferred.

=| Declaration Syntax

c# Visual Basic Wisual C++

public class HestonMonteCarloPricer : MonteCarloPricer

=I Members

All Members Constructors Methods Properties Fields Ever
I Public ¥ Instance ¥ Declared

¥ Protected ¥ static ¥ Inherited

Icon Member
‘@  HestonMonteCarloPricer{Payoff)

Description

Constructor

‘% CalcDeltaAndGamma(Boolean) calculates the delta and the gamma in one simple go...

(Inherited from DerivativePricer.)
i CalcOptionValue(Double[]) calculates the option value at expiry given its path
CURRENTLY ONLY SUPPORT PATH INDEPENDENT OFTION
(Inherited from MonteCarloPricer.)

3 CalcPayoff{Double[], Double[]) calculates the payoff values for a given array

(Inherited from DerivativePricer.) kY

Monte Carlo Pricer based on the Heston 1993 model with stochastic volatility —

If you cannot find the information you are looking forthen pleasefeel freeto contact us.

Getting Started
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1. NAMESPACEKDVERVIEWAND LIBRARYDEPENDENCY
SCHEMA

A.  NAMESPACKVERVIEW
The Quantitative Expressroot namespace isQuantExpress. Then the namespace is split
according to the various functionalities and is best illustrated in thenon exhaustivetable tree

view here below:

} QuantDev

E
.E
c
o
(8]
]
4
©
[=]

Statistics
Common
DerivPricing

Regression
RootFinding
DiscountCurves
Instruments

Interpolation
LinearAlgebra
Optimisation

ClosedForm
Historical
MonteCarlo

B.  LIBRARYDEPENDENC®CHEMA
Experience shows that while from a desigheusability point of view splitting the various
classes in many small DLLs can be desirable it is usually a good thing to minimize the number of
physical DLLs one has to reference andeploy. For this reasonthe number of QuantExpress
libraries is being kept to a minimum. As a result thelibrary dependency is being keptvery
simple as shown below:
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€SS

QuantExpress.StdClasses.dll

QuantExpress.DataContainers.dll

QuantExpre

ss.Maths.dll

QuantExpress.

Probability.dll

QuantExpress.DerivPricing.dll

Quant Express - Library Dependency Schema

The schema is read as follows:

- TheQuantExpressMaths.dll depends on th&QuantExpressStdClasses.dll
- TheQuantExpressDataContainers.dll depends on th@uantExpressStdClasses.dll

The QuantExpressProbability.dll depends on:
0 TheQuantExpressDataContainers.dll
0 TheQuantExpressMaths.dll
0 TheQuantExpressStdClasses.dll

- TheQuantExpressDerivPricing.dll depends on all the libraries

Getting Started
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V. THEDEMOAPPLICATION

The QuantExpressLibraries are shipped with a demo application with full source code. This
allows the user to step through every example in debug mode and can be used as a source
OADiI OEOT OU &I O OEA OOAO0OBEO 1T x1 AAOGAIT DI AT O8
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V. THESTANDARDLIBRARY

The QuantExpressStandard Library contains nonscientific classes that can help in various
situations and cases.

Here below, a summary of the purpose of the main classes of this library is given.

Class Name Purpose

Utils This class contains static functions that can helm various cases such a:
when we need to swap 2 values or check whether an array contains
specific value or not.

StringHelper This class contains various string helping functions.

The library defines 3 important Exceptions

Delegate Name Purpose

QuantExpress Exception This is the kase class for alQuantExpressExceptions

NoOrNotEnoughDataException This exception is thrown when there is no or not enough
data

LogicException This exception is thrown when there is a logical error in
the codewhich should not have happened

The library defines some standard Delegates too:

Delegate Name Purpose

void StdDelegate (); This is a very simple delegate that is primarily
used to inform a listener that a specific event has
happened such as whenraaction has ended

void StdDelegate (object — Sender); This is a very simple delegate that is primarily
used to inform a listener that a specific event ha:
happened such as when an action has ended.

void StdDelegate <T>( object Standard delegate that can be used to send an int
Sender, T aValue); double, a string, a datetime, etc
void  StdDelegateSimple  <T>(T Standard delegate that can be used to send an int
avalue); double, a string, a datetime, etc
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VI. THEDATACONTAINERSLIBRARY

The Data Containers Library contains classes that hold the value of one or several parameters.
As an example the DateValue<T> class is a class that can be used to hold the value of a DateTime

and another value such as a double.

Here below, a summary of thepurpose of the main classes of this library is given.

Class Name Purpose

DataHelper This class contains static functions thatanhelp in various cases such a
when we need to extract from a 2D matrix[,] a column or row vector.

DateValue This class associates a DateTime to another value such as a double ol
object.
This can be used to hold a list of couporfer a bondas an example.

ParameterBool Parameter class for a bool. See below

ParameterDateTime Parameter class for a DateTimeSee below

ParameterDouble Parameter class for a double. See below

Parameterint Parameter class for an int. See below

4EA OO0OAOAI AOAOG Al AOOAdnbkisddoheET A OET ¢i A OAIl OA

- Some conditions are imposed on the value of the parameter. As araeple, one may

wish to make sure that a certain number is always betweerl and +1.

- A name and a description are associated with the value for display, debug or other

information purposes

As an example, the following code creates a ParameterDoulligject that will only acceptdouble

values between-1 and +1.

/I Creates the Parameter Rho, sets its default value to 0.

ParameterDouble  wRho = new ParameterDouble ("Rho" , "Correl Underlying & Vol"

/I Add the condition >= -1

wRho.Conditions.Add( new QuantExpress .StdClasses. ConditionalOperatorsDouble
QuantExpress .StdClasses. eConditionalOperators .GreaterThanOrEqual,

/I Add the condition <= +1
wRho.Conditions.Add( new QuantExpress .StdClasses. ConditionalOperatorsDouble
QuantExpress .StdClasses. eConditionalOperators .LessThanOrEqual, 1));

. 0);

- 1))

Getting Started
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VIl. THEMATHSLIBRARY
The QuantExpress- AOEO j xEOE Al 0066 O1 AOIEA AT U EOOODOA«
namespace)library contains many mathematical classes to calculate statistics, searching for the

minimum or the maximum of a function, interpolating data points, estimating linear or non
linear regressions, etc.

The various classes are presented here below.
A.  DESCRIPTIVESTATISTICS

1. DESCRIPTIVISTATISTICS
This class providesmany descriptive statistical methods for an array of value such as the
Average, the Variance, the Minimum and Maximum valuiie Median,etc.

namespace QuantExpress .Maths.Statistics

Class Name: DescriptiveStatistics

The following diagram shows the class methods and properties:
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| DescriptiveStatistics @) |
Class

Fields

= Properties
ﬁ Count: int
ﬁ Data : double[]
ﬁ Max : double
' Min: double
= Methods

AutoCorrelationArr() @ List<double=
AutaCovariancedrr() : List<double>
Average() : double

4

AverageAbscluteDeviation() : double
CenteredMoment() : double
DescriptiveStatistics() (+ 1 overlcad)
FindMinMax(]) : void
GeneralMoment() | double
GetCenteredDatal) : double[]
[=DatalrderedASC : bool
I=DatalrderedDESCD) ¢ bool
Kurtosis() : double

MAD( : double
MeanAb=DevFromMean() : double
MeandbsDevFromMedian() : double
Median() : double
MedianAb=DevFrombedian() : double
Moment() : double

Movingdverage() : doublef]
PartialAvg() : deuble

QuickSort() : void [+ 1 overload)
QuickSortRank() : void [+ 1 overload)
ResetCachedValues() : void
Skewness() : double

5tDev() : double

StDevP() : double

Suml() : double

SumCfsquare() : double
SumSquare() : double

TiedRank() : double[]

YarianceP() : double

OO o4

<

CO O OO OO OO OO OO OO OO O OL

/I Defines the array of values to extract the statistics from
double[] X = new double[ 10];

Il Sets the values of x

x[0] =1.0;

x[1] =0.5;

|/ | €ode is skipped for clarity
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x[9] =2.3;

/'l Creates the AStato object and pass the array x o
DescriptiveStatistics oStat=  new DescriptiveStatistics (x);

/I calculates some statistics from the data
double wSkewness = oStat.Skewness();
double wKurtosis = oStat.Kurtosis();

2. CORRELATION

The Correlation class can be used to calculatBearson's and ranksi O 3 B A AcQrielatibnd O
and Kendall Tauas well as covariance angdimilar numbers.

namespace QuantExpress .Maths.Statistics

Class name: Correlation

Thefollowing diagram shows the class methods and properties:

'
| Correlation E3
: Static Class

Fields

= Methods

AutoCorrelationdrr() : double[] (+ 1 overload)
AutoCovariancedrr() : double[]
CorrelationMatrix() : double].]
CorrelationPearson() : double (+ 1 overload)
CorrelationSpearman() : double

Covariancel) : double (+ 1 overload)
CowvarianceMatrix() : double].]

W KendallTaul) : void

e e e

A i e
LAl S Sl S Al

The methods are static andheir names areself descriptive. An example ofan output is shown
below:
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Pearson's Comrelation of X&Y  [-0.620 | Rank Comelation -0.547
Kendall Tau 0503
Iﬁl Auto-correlation of Vector Y %
100 45113 20.028|
50 [31.732| [16.2564]
=2 7.704
: IlanaZ
E [3345) [0.a12)
O .50 |-5.558] [-0.605]
-100
0 1 2 3 4 5 8 7 B ) 10
Lag

B.  SEARCHING FORPTIMUMSZ THE UNIVARIATECASE
Many problems require finding the minimum or maximum of a function of 1 single parameter
(univariate case) with or without constraint(s). The QuantExpressLibrary contains useful
classes for this very purpose.

Here below, a summary of the main optimization classes of this library is giue

namespace QuantExpress .Maths.Optimisation

Class Name Purpose

BrentOptimization This class helps finding the minimum or maximum of a univariate
function using the Brent's algorithm.

DeepSearchOptimization The DeepSearchOptimizatiomlass can be used to find the

minimum or maximum value of a function.
The method uses the Brent optimization class repeatedly using
random lower and upper boundaries to help removing any issues
with the initial boundary values.

GoldenSearch This class ca be used to find the minimum/maximum of a one
dimension function F(X) using the Golden Section Search
algorithm

The following code illustrates how to use the class

/I Define the function to optimize
private double FctSinCosValue2( double aValue)

{
return  Math.Sin(aValue) * Math .Cos(aValue) * aValue * aValue;
}
/I crea  tes an instance of the optimisation class
|OptimizelD  oOptimize = OptimizeFactory  .Create( eOptimizelD .Brent) ;

double wSolution;
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/I finds the solution using the initial interval | - 3; 4] as a guess
double  wFctAtSolution = 0Op.FindExtremum( Extremum .Minimum,
this .FctSinCosValue2, -3, 4, out wSolution);

C.  SEARCHING FORPTIMUMSZ THE MULTIVARIATECASE
Many problems require finding the minimum or maximum of a function of 1 or several
parameters (multi-dimension case) with or without constraint(s). The QuantExpressLibrary
contains useful classes for this very purpose.

Here below, a summary of the main agmization classes of this library is given.

namespace QuantExpress .Maths.Optimisation

Class Name Purpose

NelderMead Multiple Factor optimisation class based on the Nelder Mead
algorithm. The NelderMead method or downhill simplex method
or amoeba method is a commonly used nonlinear optimization
algorithm.
It is due to John Nelder and R. Mead (1965) and is a numerical
method
for minimizing/maximising an objective function in a many
dimensional spae.

DifferentialEvolution Differential Evolution (DE) for Continuous Function Optimization
(an algorithm by Kenneth Price and Rainer Storn)

The following code illustrates how to use the NelderMead class

/I Define a delegate function for which we will search the optimum value
private double FctToOptimize (double [] aParams)

/I calculates the function value . Simple example here
return  Math. Sin (aParam[0]) + aParam[1] * Math.Cos(aParam[2]) ;

/I creates the array of coefficients
double [] wCoefficients = new double [ 3];

/I HERE YOU SHOULD INITIALIZE THE STARTING VALUES OF THE wCoefficients ARRAY
wCoefficients[0] = 0;
wCoefficients[1] = 7;

wCoefficients[2] = - 3;
/I creates an instance of the optimizer class
NelderMead oOptimize = new NelderMead ();

Il sets the convergence criteria which will be used to determine when the solution

has been found

oOptimize.ConvergenceTolerance = 0.0001;

/I finds the array wCoefficients that Minimizes the function this. FctToOptimize
oOptimize.FindExtremum( Extremum .Minimum,
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this . FctToOptimize , ref wCoefficients);

D. ROOTFINDING
Quite often one is interested in finding the value of x so that for a function f, f(x) = 0. This
problem is usually referred asfinding the root of the function f.

Here below, a summary of the main root finding classes of this library is given.

namespace QuantExpress .Maths.RootFinding

Class Name Purpose

BisectionSolver This class searches for x so that f(x) = 0 using a bisectisearch.
The bisection method is a rooffinding algorithm which repeatedly
divides an interval in half and then selects the subinterval in whick
a root exists.

BisectionSearchSolver This class searches for x so that f(x) = 0 using a bisection sear
but with a twist to make it more robust. It first calculates f(x[i])
for i=1..N points and then look for an interval which may contair
the solution. If two or more solutions are possible the
lowest/smallest found value will be the one that is returned.

NewtonRaphsonSolver This class searches for x so that f(x) = 0 using the Newtdtaphson
search it requires both f(x) and its derivative df(x)/dx.

In numerical analysis, Newton's method (also known as thi
NewtonzRaphsonmethod, named after Isaac Newton and Josey
Raphson) is perhaps the best known method for finding
successively better approximations to the zeros (or roots) of ¢
real-valued function.

Newton's method can often converge remarkably quickly
especially if the iteration begins "sufficiently near" the desired
root. Just how near "sufficiently near" needs to be, and just ho
quickly "remarkably quickly" can be, depends on the problem.
Unfortunately, far from the desired root, Newton's method car
easily lead anunwary user astray with little warning.

Newton's method can also be used to find a minimum or maximur,
of such a function, by finding a zero in the function's firs
derivative

The following code illustrates how to use thesisectionSolver class

/I Define a delegate function for which we will search the root value
public  double FunctionSin(  double X)
{
return  Math .Sin(X);
}
/I Creates the solver object
BisectionSolver oSolver = new BisectionSolver 0;
/I Defines the convergence criteria value
oSolver.ConvergenceEpsilon = 1e - 6;
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/' Find the root
double wX = oSolver.Solve( - 0.5, 0.5, new
QuantExpress .Maths.Delegates. FCT<double >(this .FunctionSin), 0);

Il Define a delegate function for which we will search the root value
public  double FunctionSin(  double X)
{

return  Math .Sin(X);
}

/I Define a delegate function that calculates the derivative of the function for
which the root is being searched
public  double FunctionDerivSin( double X)

{
}

/I Creates the solver object

NewtonRaphsonSolver  oSolver =  new NewtonRaphsonSolver ();
/I Defines the convergence criteria value

oSolver.ConvergenceEpsilon = 1e - 6;

/I Sets the function for which the root needs to be found

oSolver.Function = new

QuantExpress .Maths.Delegates. FCT<double >(this .FunctionSin);
/I Sets the derivative of the function for which the root needs to be found
oSolver.DerivativeFunction = new

QuantExpress .Maths.Delegates. FCT<double >(this .FunctionDerivSin);
[/l Find the root

double wX = oSolver.Solve(0.1);

return  Math .Cos(X);

E. INTEGRAL ANIDERIVATIVES

1. INTEGRALS
The QuantExpressLibrary makes it easy to integrate univariate function. Two algorithms are
DOl b1 OAA 3 EI bOlLégénbre. AHe Antedrah Ealafdo be done under a given
probability density function.

namespace QuantExpress .Maths

Class Name Purpose
Integral This class can be used to calculate integrals.
The integral can be calculated with or without a density function.
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( Integral (&
Class

Fields

= Methods

2% BuildGaussLegendrePoints() : CGaussLegendrePoints]]
2" BuildGaussLegendrePointsAndWeights() : void
2% Fctl(): double
2" Integral()
% IntegralGaussLegendre() : double (+ 1 overlcad)

% IntegralSimpson() : double

. v
/I defines the function to integrate
public double FctTolntegrate( double aX)
{

return 3+ aX;

/I Calculates the integral of the function between +1 and +5 using
/I the Gauss Legendre algorithm with 2000 points
double wintegral = Integral  .IntegralGaussLegendre(+1, +5, FctTolntegrate,
2000);
/I creates the Expression Evaluator class
Parser. ExpressionEvaluator OEE = new Parser. ExpressionEvaluator (A3 +X+X*
/I Calculates the integral of the function between +1 and +5 using
Il the Gauss Legendre algorithm with 2000 points
double wintegral = Integral  .IntegralGaussLegendre(+1, +5, oEE.CalcValue,
2000);

2. DERIVATIVES
The QuantExpressLibrary makes it easy to differentiate univariate and multivariate functions.
Several approximations are proposed.

namespace QuantExpress .Maths

Class Name Purpose

Differential The Differential class can be used to estimate the derivative of
function F(X) for a given X.
The function F can have one parameter (univariate case) or sever
(Multivariate case).
All its methods are static.

The following diagram shows the class methods and properties:
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i —————————————————— - y
Differential E3

| StaticClass

1

1
| ® Fields

]
I B Methods

2% CalcFunctionShiftingX() : double
W Differentiate() : double [+ 3 overloads)
W DifferentiatePartial() : double

= Nested Types

NumericalDifferentialType E3
Enum
Centered
Centerad4d
Right
Left
L ————— o
/I defines the function to differentiate
public double FctToDifferentiate( double aX)
{
return 3+ Math.Log(1+  Math.Abs(aX));
}
/I Calculates the derivative of the function for X =5
double wDiff = Differential . Differentiate(FctToDifferentiate, 5.0) ;
The method Differential .Differentiate is overloadedand the user has more control over

the estimation if or when necessary. Similar functions exist for the multivariate case.
F. INTERPOLATION ANEXTRAPOLATION

1. INTERPOLATION
namespace QuantExpress .Maths.Interpolation

All the interpolation classes share the common interfacetnterpolation

Class Name Purpose

Linearlnterpolation The Linearlnterpolation class provides a simple way to linearly
interpolate data point

NaturalCubicSpline The NaturalCubicSplineclass can be used to interpolate the data
using Natural Cubic Spline

ClampedCubicSpline The ClampedCubicSpline class can be used to interpolate the dat

using Clamped Cubic Spline.

Clamped Cubic Spline are very similar to the Natural Cubic Spline
apart that the first derivative of the first DerivX1land last point
DerivXN must be specified by the user
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Example of an output:

Interpolation Method

NaturalCubicSpine -

Probability Plot
08

075
[
065
08
0.55
05
045
04
0.35
03
025
02
0.15
01

1 2 3 4 5 & 7 8 9

v — Input v| — Natural Spling l

/I Define a delegate function for which we will search the root value

double [] wX, wY;

/'l 1 nitializes the array of X and Y valuesé
ReadData( out wX, out wY);

/I Creates the interpolation object

lInterpolation olnterpolation =

InterpolationFactory ( elnterpolationType .NaturalCubicSpline );
/I Fits the data

olnterpolation.Fit(wX, wyY);

Il evaluates the function for a given value (10.0 here) using the selected
interpolation method
double wyYInterpolated = olnterpolation.Eval( 10.0 );

2. EXTRAPOLATION

G. REGRESSIONS

The following diagram gives an overview of the available regression classemnd their

dependencies
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Further details concerning each class are given below.

1. LINEARREGRESSIONS

a)

Univariate

namespace QuantExpress .Maths.Regression

All the interpolation classes inherit from the base classiegression1DBase

Class Name
LinearRegression1D

LogLinearRegression

WeightedLinearRegression1D

Purpose

Ordinary Least Square (OLS) and Median Fit (from
Numerical Recipes) Regression for the problem
Y=aX+b

By default the class uses the Median Fit method which is
more robust than OLS to spurious values.

Please change the propertysOLSFit if you would prefer to
use the OLS method

Ordinary Least Square Regression for the problem:

Y =a.Log(X) + b

Weighted linear regression class
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