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I. END USER LICENSING AGREEMENT 
This End User Licensing Agreement applies FOR ALL SOFTWARE COMPONENT PRODUCT(S) 

IMPORTANT- READ CAREFULLY: This QUANTITATIVE EXPRESS LTD ("QUANTEXPRESS") End-

User License Agreement ("EULA") is a legal agreement between you, a developer of software 

applications, ("Developer End User") and QUANTEXPRESS for all QUANTEXPRESS products, 

controls, source code, demos, intermediate files, media, printed materials, and "online" or 

electronic documentation ("SOFTWARE COMPONENT PRODUCT(S)") contained in this 

installation file.  

 

QUANTEXPRESS grants to you as an individual, a personal, nonexclusive license 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), you agree to be 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 PRODUCT(S) is licensed, not sold. If you are an individual, you 

must acquire an individual license for the SOFTWARE COMPONENT PRODUCT(S) from 

QUANTEXPRESS or its authorized resellers. If you are an entity, you must acquire an individual 

license for each Developer End User within your organization from QUANTEXPRESS or 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 INTELLECTUAL PROPERTY 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 QUANTEXPRESS intellectual 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 intellectual 

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. GRANT OF LICENSE 
 

This EULA, if legally executed as defined herein, licenses and so grants the single individual 

Developer End User the following rights:  

 

SOFTWARE COMPONENT PRODUCT(S) - Developer 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 portable computer. 

 

B. LIMITATIONS ON REVERSE ENGINEERING, DECOMPILATION, 

AND DISASSEMBLY 
 

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 is expressly 

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 redistributables 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 (WIPO) Diplomatic Conferences.  

 

C. SEPARATION OF COMPONENTS 
 

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 separated for use 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 rights to 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. All QUANTEXPRESS libraries, source code, 

redistri butables and other files remain QUANTEXPRESS's exclusive property.  You may not 

distribute any files, except those that QUANTEXPRESS has 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 QUANTEXPRESS.  Regardless of any 

modifications which you make and regardless of how you might compile, 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 you as 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 particular, you may not share copies of the 

Redistributables with other co-developers. You may not reproduce or distribute any 

QUANTEXPRESS documentation without QUANTEXPRESS's explicit permission. 

 

F. ROYALTY FREE REDISTRIBUTION 
 

QUANTEXPRESS PRODUCT(s) may include certain 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 on-line documentation as 

redistributable files, or those files 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 by QUANTEXPRESS.   

 

Subject 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 COMPONENT PRODUCT(S) or modified versions 

of the Redistributables which are provided to you by QUANTEXPRESS or those which you 

create. Copies of Redistributables may only be distributed with and for the sole purpose of 

executing application programs permitted under this EULA that you have created using the 

SOFTWARE COMPONENT PRODUCT(S). 

 

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

QuantExpress.DataContainers.dll 

QuantExpress.DebugHelpers.dll 
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QuantExpress.DerivPricing.dll  

QuantExpress.Maths.dll 

QuantExpress.NUnitHelper.dll 

QuantExpress.Probability.dll 

QuantExpress.StdClasses.dll 

 

AT NO TIME MAY DEVELOPER END USER CREATE ANY TOOL, REDISTRIBUTABLE, OR 

SOFTWARE COMPONENT PRODUCT(S) THAT DIRECTLY OR INDIRECTLY COMPETES WITH 

QUANTEXPRESS SOFTWARE 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 design-time tools (EXE's OCX's or DLL's), 

executables, and source code distributed to Developer End User by QUANTEXPRESS as 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 that 

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 development 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 PRODUCT(S) (in any 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 SOFTWARE COMPONENT 

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) identified by QUANTEXPRESS as 

being eligible for the upgrade in order to use the SOFTWARE COMPONENT 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 



Quantitative Express 
 

Getting Started Page 9 
 

upgrade, and together constitutes a single PRODUCT(S). You may use the resulting 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, intermediate files, 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 owned by QUANTEXPRESS or 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 may install the SOFTWARE 

COMPONENT PRODUCT(S) as described in this EULA. 

 

I. DUAL-MEDIA SOFTWARE COMPONENT PRODUCT(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 appropriate for 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.S. GOVERNMENT RESTRICTED RIGHTS 
 

The Licensed Software is Commercial Computer Software provided with RESTRICTED 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 Software clause at DFAR 255.227-7013 

et. seq. or 252.211-7015, or subparagraphs (a) through (d) of the Commercial Computer 

Software Restricted Rights at FAR 52.227-19, as applicable, or similar clauses in the NASA FAR 

Supplement. Contractor-manufacturer is Quantitative Express Ltd, 12 rue Carnot, 83470, St 

Maximin la ste Baume, France. 

 

K. EXPORT RESTRICTIONS 
 

QUANTEXPRESS expressly complies with all export restrictions imposed by the government of 

the United States of America.  You, as Developer End User, must agree not to 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 Cuba, Iran, 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. NOTE ON FAULT TOLERANCE 
 

The SOFTWARE COMPONENT PRODUCT(S) is not fault tolerant and is not designed, 

manufactured, or intended for use or resale as on-line 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 of SOFTWARE COMPONENT PRODUCT(S) technology 

could lead directly to death, personal injury, or severe physical or environmental damage.  

 

M. DISCLAIMER OF WARRANTY 
 

QUANTEXPRESS expressly 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 IMPLIED WARRANTIES OF 

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NONINFRINGEMENT. 

QUANTEXPRESS DOES 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 CORRECTNESS, 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 or its employees shall create a warranty or in any way increase the scope of 

this warranty.  

 

N. LIMITATIONS ON LIABILITY 
 

To the maximum extent permitted by applicable law, in no event shall QUANTEXPRESS be liable 

for any special, incidental, indirect, or consequential damages whatsoever (including, without 

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 failure to provide Support 

Services, even if QUANTEXPRESS has 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 COMPONENT 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 for failures or 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 AND QUANTEXPRESS'S SOLE OBLIGATION 

SHALL BE GOVERNED BY THIS AGREEMENT AND IN NO EVENT SHALL QUANTEXPRESS'S 

LIABILITY EXCEED THE PRICE PAID TO QUANTEXPRESS FOR 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 misapplication 

of the SOFTWARE COMPONENT PRODUCT(S). 

O. INDEMNIFICATION 
 

You hereby agree to indemnify QUANTEXPRESS and 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 Applications and the 

SOFTWARE COMPONENT PRODUCT(S) included herein. 

P. SUPPORT SERVICES 
 

QUANTEXPRESS may provide you with support services related to the SOFTWARE 

COMPONENT PRODUCT(S) ("Support Services"). Use of Support Services is governed by 

QUANTEXPRESS policies and programs described in the user manual, in "on line" 

documentation and/or other QUANTEXPRESS provided materials. Any supplemental 

SOFTWARE COMPONENT PRODUCT(S) provided to you as part of the Support Services shall be 

considered part of the SOFTWARE COMPONENT PRODUCT(S) and subject to the terms and 

conditions of this EULA. With respect to technical information you provide to QUANTEXPRESS 

as part of the Support Services, QUANTEXPRESS may use such information for its business 

purposes, including for SOFTWARE COMPONENT PRODUCT(s) support and development. 

QUANTEXPRESS will not utilize such technical information in a form that personally identifies 

you. 

Q. TERMINATION 
Without prejudice to any other rights or remedies, QUANTEXPRESS will 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. MISCELLANEOUS 
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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 modified in writing signed by you and an authorized officer of 

QUANTITATIVE EXPRESS LTD. 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. 

 

QUANTEXPRESS reserves all rights not specifically granted in this EULA.   

 

ACKNOWLEDGEMENTS.  Developer 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 

QUANTEXPRESS for any reason, please contact us directly in the United Kingdom at +44 (0) 

1582 460 515, or write: Quantitative Express Ltd, 12 Ennis Close, Harpenden, AL5 1SS, UNITED 

KINGDOM. 
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II. HOW TO INSTALL THE SOFTWARE 

A. SYSTEM REQUIREMENT 
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 2008 ® or later. The software has not been tested under the Linux/MONO 

environment. 

B. INSTALLING THE SOFTWARE 
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 TO USE THE LIBRARIES IN YOUR OWN APPLICATION 
Using the Quant Express is straightforward. You simply need to add them to your project 

references as shown below: 

 

Since the software is delivered with the full source code it is possible to 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 documentation and the 

QuantExpress Demo application. This reference manual gives a summary of the key classes and 

what they might be used for. The help document describes what is in the libraries, namespaces 

and classes in more details. The QuantExpress Demo Application allows the user to quickly see 

how the classes may be used in a normal application and step through any examples using the 

provided source code. 
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If you cannot find the information you are looking for then please feel free to contact us. 
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III.  NAMESPACE OVERVIEW AND LIBRARY DEPENDENCY 

SCHEMA 

A. NAMESPACE OVERVIEW 
The Quantitative Express root namespace is QuantExpress. Then the namespace is split 

according to the various functionalities and is best illustrated in the non exhaustive table tree 

view here below: 

 

B. LIBRARY DEPENDENCY SCHEMA 
Experience shows that while from a design/reusability  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 and deploy. For this reason the number of QuantExpress 

libraries is being kept to a minimum. As a result the library dependency is being kept very 

simple as shown below: 
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The schema is read as follows: 

- The QuantExpress.Maths.dll depends on the QuantExpress.StdClasses.dll 

- The QuantExpress.DataContainers.dll depends on the QuantExpress.StdClasses.dll 

- The QuantExpress.Probability.dll depends on: 

o The QuantExpress.DataContainers.dll 

o The QuantExpress.Maths.dll  

o The QuantExpress.StdClasses.dll 

- The QuantExpress.DerivPricing.dll depends on all the libraries 
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IV. THE DEMO APPLICATION 
The QuantExpress Libraries 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 

ÒÅÐÏÓÉÔÏÒÙ ÆÏÒ ÔÈÅ ÕÓÅÒȭÓ Ï×Î ÄÅÖÅÌÏÐÍÅÎÔȢ 
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V. THE STANDARD LIBRARY 
The QuantExpress Standard Library contains non-scientific 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 help in various cases such as 

when we need to swap 2 values or check whether an array contains a 
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 base class for all QuantExpress Exceptions 
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 code which 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 when an action has ended. 

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

void  StdDelegate <T>( object  

Sender, T aValue);  
Standard delegate that can be used to send an int, a 
double, a string, a datetime, etc 

void  StdDelegateSimple <T>(T 

aValue);  
Standard delegate that can be used to send an int, a 
double, a string, a datetime, etc 
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VI. THE DATA CONTAINERS LIBRARY 
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 the purpose of the main classes of this library is given. 

Class Name Purpose 
DataHelper  This class contains static functions that can help in various cases such as 

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 or an 

object. 
This can be used to hold a list of coupons for a bond as an example. 

ParameterBool  Parameter class for a bool. See below 
ParameterDateTime  Parameter class for a DateTime. See below 
ParameterDouble  Parameter class for a double. See below 
ParameterInt  Parameter class for an int. See below 

 

4ÈÅ Ȱ0ÁÒÁÍÅÔÅÒȱ ÃÌÁÓÓÅÓ ÃÏÎÔÁÉÎ Á ÓÉÎÇÌÅ ÖÁÌÕÅ ÁÎÄ can be used when: 

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

wish to make sure that a certain number is always between -1 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 ParameterDouble object that will only accept double 

values between -1 and +1. 

C# - Create a parameter which value must always be between -1 and +1 inclusive  
// Creates the Parameter Rho, sets its default value to 0.  

ParameterDouble  wRho = new ParameterDouble ( "Rho" , "Correl Underlying & Vol" , 0);  

// Add the condition >= - 1 

wRho.Conditions.Add( new QuantExpress .StdClasses. ConditionalOperatorsDouble (  

QuantExpress .StdClasses. eConditionalOperators .GreaterThanOrEqual, - 1));  

// Add the condition <= +1  

wRho.Conditions.Add( new QuantExpress .StdClasses. ConditionalOperatorsDouble (  

QuantExpress .StdClasses. eConditionalOperators .LessThanOrEqual, 1));  
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VII. THE MATHS LIBRARY 
The QuantExpress -ÁÔÈÓ ɉ×ÉÔÈ ÁÎ ȰÓȱ ÔÏ ÁÖÏÉÄ ÁÎÙ ÉÓÓÕÅÓ ×ÉÔÈ ÔÈÅ Ȣ.ÅÔ &ÒÁÍÅ×ÏÒË -ÁÔÈ 

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. DESCRIPTIVE STATISTICS 

1. DESCRIPTIVE STATISTICS 
This class provides many descriptive statistical methods for an array of value such as the 

Average, the Variance, the Minimum and Maximum value, the Median, etc. 

namespace  QuantExpress .Maths.Statistics  

Class Name: DescriptiveStatistics  

The following diagram shows the class methods and properties: 
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C# - Using the DescriptiveStatistics class  
// Defines the array of values to extract the statistics from  

double[]  x = new double[ 10];  
// Sets the values of x  

x[ 0] = 1.0;  

x[ 1] = 0.5;  

// é Code is skipped for clarity  
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x[ 9] = 2.3;  

 
 

// Creates the ñStatò object and pass the array x of value 

DescriptiveStatistics  oStat = new DescriptiveStatistics (x);  
 

// calculates some statistics from the data  

double  wSkewness = oStat.Skewness();  

double  wKurtosis = oStat.Kurtosis();  
 

 

 

2. CORRELATION 
The Correlation class can be used to calculate Pearson's and ranks ÏÒ 3ÐÅÁÒÍÁÎȭÓ correlation 
and Kendall Tau as well as covariance and similar  numbers. 
 
namespace  QuantExpress .Maths.Statistics  

Class name: Correlation  

The following diagram shows the class methods and properties: 

 

The methods are static and their names are self descriptive. An example of an output is shown 

below: 
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B. SEARCHING FOR OPTIMUMS ɀ THE UNIVARIATE CASE 
Many problems require finding the minimum or maximum of a function of 1 single parameter 

(univariate case) with or without constraint(s). The QuantExpress Library contains useful 

classes for this very purpose. 

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

 

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 DeepSearchOptimization class 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 can 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 

C# - Finding the minimum of a function  
//  Define the function to optimize  

private  double  FctSinCosValue2( double  aValue)  

{  

 return  Math .Sin(aValue) * Math .Cos(aValue) * aValue * aValue;  

}  
 

// crea tes an instance of the optimisation  class  

IOptimize1D oOptimize =  OptimizeFactory .Create( eOptimize1D .Brent) ;  

double  wSolution;  
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C. SEARCHING FOR OPTIMUMS ɀ THE MULTIVARIATE CASE 
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 QuantExpress Library 

contains useful classes for this very purpose. 

Here below, a summary of the main optimization 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 Nelder-Mead 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 space. 

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 

// finds the solution using the initial interval [ - 3; 4] as a guess  

double  wFctAtSolution = oOp.FindExtremum( Extremum .Minimum,  

 this .FctSinCosValue2, - 3, 4, out  wSolution);  
 

 

C# - Finding the minimum of a multivariate function  
// Define a delegate function for which we will search the optimum value  

private  double  FctToOptimize ( double [] aParams)  

{  

    // calculates the function value . Simple example here  

    return  Math. Sin (aParam[0])  + aParam[1] * Math.Cos(aParam[2]) ;  

}  
 

 

// creates the array of coefficients  

double [] wCoefficients = new double [ 3];  
 

// HERE YOU SHOULD INITIALIZE THE STARTING VALUES OF THE wCoefficients ARRAY  

wCoefficients[0] = 0;  

wCoefficients[1] = 7;  

wCoefficients[2] = - 3;  
 

// creates an instance of the optimizer class  

NelderMead  oOptimize = new NelderMead ();  
// sets  the convergence criteria which will be used to determine when the solution 

has been found  

oOptimize.ConvergenceTolerance = 0.0001;  

// finds the array  wCoefficients that Minimizes the function this. FctToOptimize  

oOptimize.FindExtremum( Extremum .Minimum,  
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D. ROOT FINDING 
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 as finding 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 bisection search. 

The bisection method is a root-finding algorithm which repeatedly 
divides an interval in half and then selects the subinterval in which 
a root exists. 

BisectionSearchSolver  This class searches for x so that f(x) = 0 using a bisection search 
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 contain 
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 Newton-Raphson 
search  it requires both f(x) and its derivative df(x)/dx. 
In numerical analysis, Newton's method (also known as the 
NewtonɀRaphson method, named after Isaac Newton and Joseph 
Raphson) is perhaps the best known method for finding 
successively better approximations to the zeros (or roots) of a 
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 how 
quickly "remarkably quickly" can be, depends on the problem. 
Unfortunately, far from the desired root, Newton's method can 
easily lead an unwary user astray with little warning. 
Newton's method can also be used to find a minimum or maximum 
of such a function, by finding a zero in the function's first 
derivative 

 

The following code illustrates how to use the BisectionSolver  class 

 this .  FctToOptimize , ref  wCoefficients);  
 

 

C# - exampl e with BisectionSolver  
// Define a delegate function for which we will search the root  value  

public  double  FunctionSin( double  X)  

{  

 return  Math .Sin(X);  

}  
 

// Creates the solver object  
BisectionSolver  oSolver = new BisectionSolver ();  

// Defines the convergence criteria value  

oSolver.ConvergenceEpsilon = 1e - 6;  
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E. INTEGRAL AND DERIVATIVES 

1. INTEGRALS 
The QuantExpress Library makes it easy to integrate univariate function. Two algorithms are 

ÐÒÏÐÏÓÅÄ 3ÉÍÐÓÏÎȭÓ ÁÎÄ 'ÁÕÓÓ-Legendre. The integral can also 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. 

 

// Find the root  

double  wX = oSolver.Solve( - 0.5, 0.5, new 

QuantExpress .Maths.Delegates. FCT<double >( this .FunctionSin), 0);  

 

C# - example with NewtonRaphsonSolver  
// Define a delegate function for which we will search the root value  

public  double  FunctionSin( double  X)  

{  

 return  Math .Sin(X);  

}  

 

// Define a delegate function that calculates the derivative of the function for 

which the root is being searched  

public  double  FunctionDerivSin( double  X)  

{  

 return  Math .Cos(X);  

}  
 

// Creates the solver object  

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

oSolver.ConvergenceEpsilon = 1e - 6;  

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

oSolver.Function = new 

QuantExpress .Maths.Delegates. FCT<double >( this .FunctionSin);  

// Sets the derivative of the function for which the root needs to be found  

oSolver.DerivativeFunction = new 

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

double  wX = oSolver.Solve(0.1);  
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2. DERIVATIVES 
The QuantExpress Library 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 a 

function F(X) for a given X. 
The function F can have one parameter (univariate case) or several 
(Multivariate case). 
All its methods are static. 

 

The following diagram shows the class methods and properties: 

C# - Integrate a simple function  
// defines the function to integrate  

public double  FctToIntegrate( double  aX)  

{  

 return  3 + aX;  

}  

// Calculates the integral of the function between +1 and +5 using  

// the Gauss Legendre algorithm with 2000 points  

double  wIntegral = Integral .IntegralGaussLegendre(+1, +5, FctToIntegrate, 

2000);  

C# - Integrate a ÕÓÅÒȭÓ ÄÅÆÉÎÅÄ function   at runtime using the  ExpressionEvaluator class  
// creates the Expression Evaluator class  

Parser. ExpressionEvaluator  oEE = new Parser. ExpressionEvaluator (ñ3+X+X*Xò); 

// Calculates the integral of the function between +1 and +5 using  

//  the Gauss Legendre algorithm with 2000 points  

double  wIntegral = Integral .IntegralGaussLegendre(+1, +5, oEE.CalcValue, 

2000);  
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The method Differential .Differentiate  is overloaded and the user has more control over 

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

F. INTERPOLATION AND EXTRAPOLATION 

1. INTERPOLATION 
namespace  QuantExpress .Maths.Interpolation  

All the interpolation classes share the common interface: IInterpolation . 

Class Name Purpose 
LinearInterpolation  The LinearInterpolation class provides a simple way to linearly 

interpolate data point 
NaturalCubicSpline  The NaturalCubicSpline class can be used to interpolate the data 

using Natural Cubic Spline 
ClampedCubicSpline  The ClampedCubicSpline class can be used to interpolate the data 

using Clamped Cubic Spline. 
Clamped Cubic Spline are very similar to the Natural Cubic Spline  
apart that the first derivative of the first DerivX1and last point 
DerivXN must be specified by the user 

 

C# - Differentiate a simple function  
// defines the function to differentiate  

public double  FctToDifferentiate( double  aX)  

{  

 return  3 + Math .Log(1 + Math .Abs(aX));  

}  

// Calculates the derivative of the function for X = 5  

double  wDiff =  Differential . Differentiate(FctToDifferentiate, 5.0) ;  



Quantitative Express 
 

Getting Started Page 29 
 

Example of an output: 

 

2. EXTRAPOLATION 

G. REGRESSIONS 
The following diagram gives an overview of the available regression classes and their 

dependencies: 

C# - Interpolating a series of point using Cubic Spline  
// Define a delegate function for which we will search the root value  

double [] wX, wY;  
// Initializes the array of X and Y valuesé 

ReadData( out  wX, out  wY);  

// Creates the interpolation object  

IInterpolation  oInterpolation = 

InterpolationFactory ( eInterpolationType .NaturalCubicSpline );  
// Fits the data  

oInterpolation.Fit(wX, wY);  

// evaluates the function for a given value (10.0 here) using the selected 

interpolation method  

double wYInterpolated   = oInterpolation.Eval( 10.0 );  
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Further details concerning each class are given below. 

1. LINEAR REGRESSIONS 
a) Univariate  

namespace  QuantExpress .Maths.Regression  

All the interpolation classes inherit from the base class: Regression1DBase . 

Class Name Purpose 
LinearRegression1D  Ordinary Least Square (OLS) and Median Fit (from 

Numerical Recipes) Regression for the problem 
Y = a X + b 
By default the class uses the Median Fit method which is 
more robust than OLS to spurious values. 
Please change the property IsOLSFit if you would prefer to 
use the OLS method 

LogLinearRegression  Ordinary Least Square Regression for the problem:   
 Y = a.Log(X) + b 

WeightedLinearRegression1D  Weighted linear regression class 

 

C# - Ordinary Least Square  










































































































































