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Overview

About the Math Toolkit

Thislibrary is divided into three interconnected parts:
Statistical Distributions
Provides areasonably comprehensive set of statistical distributions, upon which higher level statistical tests can be built.

The initial focus is on the central univariate distributions. Both continuous (like normal & Fisher) and discrete (like binomial &
Poisson) distributions are provided.

A comprehensive tutorial is provided, along with a series of worked examplesiillustrating how the library is used to conduct statist-
icd tests.

Mathematical Special Functions

Providesasmall number of high quality special functions, initially these were concentrated on functions used in statistical applications
along with those in the Technical Report on C++ Library Extensions.

Thefunction families currently implemented arethe gamma, beta& erf functions along with theincomplete gammaand betafunctions
(four variants of each) and all the possible inverses of these, plus digamma, various factorial functions, Bessel functions, elliptic in-
tegrals, sinus cardinals (along with their hyperbolic variants), inverse hyperbolic functions, Legrendre/L aguerre/Hermite polynomials
and various specia power and logarithmic functions.

All theimplementationsare fully generic and support the use of arbitrary "real-number" types, including Boost.Multiprecision, although
they are optimised for use with types with known-about significand (or mantissa) sizes: typically f | oat , doubl e or | ong doubl e.

Implementation Toolkit

The section Internal tools provides many of the tools required to implement mathematical special functions: hopefully the presence
of these will encourage other authors to contribute more special function implementations in the future.

Some tools are now considered well-tried and their signatures stable and unlikely to change.

Thereis afairly comprehensive set of root finding both root-finding without derivatives and root-finding with derivatives with de-
rivative support, and function minimization using Brent's method.

Other Internal tools are currently still considered experimental: they are "exposed implementation details' whose interfaces and/or
implementations may change without notice.

There are helpers for the evaluation of infinite series, continued fractions and rational approximations. A Remez algorithm imple-
mentation allows for the locating of minimax rational approximations.

There are also (experimental) classes for the manipulation of polynomials, for testing a special function against tabulated test data,
and for the rapid generation of test data and/or data for output to an external graphing application.
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Navigation

Boost.Math documentation is provided in both HTML and PDF formats.

e Tutorialsarelisted in the Table of Contents and include many examples that should help you get started quickly.

* Source code of the many Examples will often be your quickest starting point.

* Index (general) includes all entries.

» Specific Indexeslist only functions, class signatures, macros and typedefs.

Using the Indexes

The main index will usually help, especially if you know aword describing what it does, without needing to know the exact name
chosen for the function.

V

Tip

When using theindex, keep in mind that clicking on anindex term only takesyou to the section containing the index
entry. This section may be several pages long, so you may need to use the find facility of your browser or PDF
reader to get to the index term itself.

Tip

A PDF reader usually allows a global find; this can be really useful if the term you expect to be indexed is not the
one chosen by the authors. You might find searching the PDF version and viewing the HTML version will locate
an elusive item.
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Document Conventions

This documentation aims to use of the following naming and formatting conventions.

C++ Codeisinfixed wi dth font andissyntax-highlighted in color, for example doubl e.
Other codeisinblock t el et ype fi xed-wi dth font.
Replaceable text that you will need to supply isini tal i cs.

If anamerefersto afreefunction, itisspecified likethis: free_functi on() ;thatis, itisincode font anditsnameisfollowed
by () toindicatethat it isafree function.

If anamerefersto aclasstemplate, it is specified likethis. cl ass_t enpl at e<>; thatis, itisin code font and itsnameisfollowed
by <> toindicate that it is a class template.

If aname refers to a function-like macro, it is specified like this: MACRQ() ; that is, it is uppercase in code font and its name is
followed by () toindicate that it is a function-like macro. Object-like macros appear without the trailing () .

Names that refer to concepts in the generic programming sense (like template parameter names) are specified in Camel Case.
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Other Hints and tips

* If you have afeature request, or if it appears that the implementation isin error, please search first in the Boost Trac.

 Tracentriesmay indicate that updates or correctionsthat solve your problem arein Boost-trunk where changes are being assembled
and tested ready for the next release. You may, at your own risk, download new versions from there.

« If you do not understand why things work the way they do, see the rationale section.

* If you do not find your idea/feature/complaint, please reach the author preferably through the Boost development list, or email
the author(s) direct.

Admonishments
@ Note
In addition, notes such asthis one specify non-essential information that provides additional background or rationale.

Q Tip

These blocks contain information that you may find helpful while coding.

2 I mportant
These contain information that is imperative to understanding a concept. Failure to follow suggestions in these
blocks will probably result in undesired behavior. Read all of these you find.

O Warning
Failure to heed thiswill lead to incorrect, and very likely undesired, results.
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Directory and File Structure

boost/math

/concepty/

/constants/

[distributions/

/policies

/specia_functions/

/tools/

boost/libs

/doc/
/examples/
/performance/

ftest/

/tools/

Prototype defining the essential features of a Real Type class (see real_concept.hpp). Most applications
will use doubl e as the Real Type (and short t ypedef names of distributions are reserved for this
type where possible), afew will use f1 oat or | ong doubl e, but it is aso possible to use higher
precision typeslike NTL::RR, GNU Multiple Precision Arithmetic Library, GNU MPFR library that
conform to the requirements specified by real_concept.

Templated definition of some highly accurate math constants (in constants.hpp).

Distributions used in mathematics and, especially, statistics. Gaussian, Students-t, Fisher, Binomial
etc

Policy framework, for handling user requested behaviour modifications.

Math functions generally regarded as'special’, like beta, cbrt, erf, gamma, Igamma, tgamma.... (Some
of these are specified in C++, and C99/TR1, and perhaps TR2).

Tools used by functions, like evaluating polynomials, continued fractions, root finding, precision and
limits, and by tests. Some will find application outside this package.

Documentation source files in Quickbook format processed into html and pdf formats.
Examples and demos of using math functions and distributions.
Performance testing and tuning program.

Test files, in many .cpp files, most using Boost. Test (some with test data as .ipp files, usually generated using
NTL RR type with ample precision for the type, often for precisions suitable for up to 256-bit significand real

types).

Programs used to generate test data. Also changes to the NTL released package to provide a few additional
(and vital) extrafeatures.
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Namespaces

All math functions and distributions are in namespace boost: : mat h

So, for example, the Students-t distribution template in namespace boost:: mathis
tenpl ate <cl ass Real Type> cl ass students_t _distribution
and can be instantiated with the help of the reserved name st udent s_t (for Real Type doubl e)

typedef students_t_distribution<doubl e> students_t;

student _t nydi st (10);

O Warning
Some distribution names are also used in std random library, so to avoid the risk of ambiguity it is better to make
explicit using declarations, for example: usi ng boost:: mat h: : students_t _di stribution
Functions not intended for use by applications arein boost : : mat h: : det ai | .

Functions that may have more genera use, like digits (significand), max_val ue, m n_val ue and epsilon are in
boost:: math::tools.

Policy and configuration information isin hamespace boost : : mat h: : pol i ci es.

@ Tip

Many code snippets assume implicit namespace(s), for example, st d: : or boost : : mat h.
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Calculation of the Type of the Result

The functionsin thislibrary are al overloaded to accept mixed floating point (or mixed integer and floating point type) arguments.
So for example:

f0o(1.0, 2.0);
foo(1.0f, 2);
foo(1.0, 2L);

etc, aredl valid calls, aslong as "foo" is a function taking two floating-point arguments. But that |eaves the question:

"Given a special function with N arguments of types T1, T2, T3 ... TN, then what type is the result?"

If all the argumentsare of the same (floating point) type then the result is the same type as the arguments.
Otherwise, the type of the result is computed using the following logic:
1. Any arguments that are not template arguments are disregarded from further analysis.

2. For each type in the argument list, if that type is an integer type then it istreated asif it were of type double for the purposes of
further analysis.

3. If any of the arguments is a user-defined class type, then the result type is the first such class type that is constructible from all
of the other argument types.

4. If any of theargumentsis of typel ong doubl e, thenthe result is of typel ong doubl e.
5. If any of the argumentsis of type doubl e, then the result is of type doubl e.
6. Otherwise theresult isof typef | oat .

For example:
cyl _bessel (2, 3.0);
Returnsadoubl e result, as does:
cyl _bessel (2, 3.0f);

as in this case the integer first argument is treated as a doubl e and takes precedence over the f | oat second argument. To get a
f1 oat result wewould need al the arguments to be of type float:

cyl bessel j(2.0f, 3.0f);
When one or more of the arguments is not a template argument then it doesn't effect the return type at all, for example:
sph_bessel (2, 3.0f);

returnsaf | oat , since the first argument is not a template argumen