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Latest devel-
opments in
ROOT::Math

Introduction

Restructuring and Extending
Mathematical Libraries

Revise already implemented functions and algorithms:
m Testing accuracy, time performance, domains,
m Crosschecking with well-established implementations: GSL,
Mathematica
m (Re)implementing existing ones.
Add useful routines.
Provide convenient user interfaces.
Reduce dependency on GSL libraries and other ROOT
classes (TF1).

3/41



Latest devel-

(BB What I did

Introduction

New classes for multidimensional integration, using:

m Adaptive cubature
m Monte Carlo integration

Reimplementation of major special functions and
probability distributions

On-line documentation (TWiki, upgrade of Inventory),
tutorials.
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Latest devel-
opments in
ROOT::Math

New classes
for multidi-
mensional
integration

Adaptive cubature

m Checking existing algorithms (ROOT::TF1, TFoam,
HintLib)
m — the best applies Genz-Malik cubature
m — the best implementation in TF1 class
m Extend functionality of TF1::IntegralMultiple.

m independence on TF classes and hist library,
m usage for free functions,

m and arbitrary number of dimensions (not only 2 or 3).

— IntegralMultiDim class
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Latest devel-
opments in
ROOT::Math

)

New classes
for multidi-
mensional
integration

IntegralMultiDim class - usage

ROOT: :Math: :WrappedParamFunction<> fptrl(&Func, NDim);
ROOT: :Math: :IntegratorMultiDim igl;
igl.SetFunction(fptrl);

igl.Integral (xmin[], xmax[]);
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Latest devel-
opments in
ROOT::Math

New classes
for multidi-
mensional
integration

Applying Monte Carlo algorithms

m C++ interface to algorithms from GSL

m MC algorithms for the first time in ROOT (these from
RooFit are not universal)

m Good functionality (not restricted to TF objects)
— GSLMClntegrator class
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Latest devel-
opments in

ROOT::Math

New classes
for multidi-
mensional
integration

The usage of GSLMCIntegrator
class

ROOT: :Math: :WrappedParamFunction<> fptr(&Function, NDim);
ROOT: :Math: :GSLMCIntegrator igl();

Setting algorithm

igl.SetType(ROOT: :Math: :MCIntegration: : VEGAS) ;
igl.SetMode (ROOT: :Math: :MCIntegration: : IMPORTANCE) ;

Setting additional parameters

VegasParameters param;

param.iterations = 2;
igl.SetParameters(param) ;

igl.SetFunction(fptr);
igl.Integral(xmin[], xmax[]);
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Latest devel-
opments in
ROOT::Math

\EV-CEIEY
Stawifiska
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Figure: Achieved accuracy: 0.01
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Latest devel-
opments in

ROOT::Math I nterfa ce

Using the plug-in manager one can load GSL implementation
in MathMore

Integrator wregtes dieal o ntarfacey
5% i Vitual tograpr — 2" P LS, iy gliagrator

Interface )\ +| megﬂtﬂ.: dwbb +|Iﬁmhlﬂmb|8

—1
linMah Mor
IntegratorMultiDim GSLMCIntegrator
+[nlpgrate: double +{rtegrate: double
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Latest devel-
opments in

ROOT:Math Special functions

\EV-CEIEY
Stawifiska

Major special functions
m commonly used in physical calculations,

m (upper) incomplete gamma,
m incomplete beta

m used for implementing other functions:
m x? (used in statistical tests performed many times)

m F- distribution, Student-t distribution, etc (for statistical
analysis).

- After testing several implementations decided on CEPHES
Base
functions

free usage netlib

m GSL need license
= NR copywrighted “no transfer or distribution”
]

many other pros...
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Latest devel-
opments in
ROOT::Math

)

functions

Gamma and related functions

Old TMath

m Gamma, LnGamma

m Implementation from NR

New MathCore

m Independent on GSL
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Latest devel-
opments in
ROOT::Math

Base
functions

Gamma and related functions

Old TMath

m Gamma, LnGamma

m Implementation from NR

= Domains: (0, 00)

New MathCore

m Independent on GSL

m Domains extended to
(—o0,00) \ Z_
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Latest devel-
opments in

ROOT::Math Gamma and related functions
Old TMath New MathCore

m Gamma, LnGamma

m Implementation from NR m Independent on GSL
m Domains: (0, 00) m Domains extended to
= Efficiency 111075 (s/100 (—00,00) \ Z-
calls) m Efficiency 5-107° (s/100
calls)
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Latest devel-
opments in
ROOT::Math

)

functions

Gamma and
Old TMath

m Upper incomplete gamma

m Implementation from NR

related functions
New MathCore

m Implementation
independent of GSL
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Latest devel-

ROOT Math Gamma and related functions
Old TMath New MathCore

m Upper incomplete gamma

m Implementation from NR m Implementation
= Efficiency 111075 (s/100 independent of GSL
calls) m Efficiency 7 - 107° (s/100

calls)
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Latest devel-

opments in

ROOT:Math Beta and related functions

Old TMath New MathCore

m Beta function

m Beta already implemented m Implementation based on
in TMath CEPHES

Base
functions

17 /41



Latest devel-

opments in

ROOT:Math Beta and related functions

Old TMath New MathCore

m Beta function

m Beta already implemented m Implementation based on
in TMath CEPHES

Base
functions
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Latest devel-
opments in

ROOT:Math Beta and related functions

)

Old TMath New MathCore

m Incomplete Beta

functions m Implementation in TMath m Implementation
from NR independent of GSL
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Latest devel-

opments in .
ROOT :Math Beta and related functions

Old TMath

m Incomplete Beta

m Implementation in TMath
from NR

m Efficiency 4 - 1074(s/100
calls)

New MathCore

m Implementation
independent of GSL

m Efficiency 4 - 107*(s/100
calls)
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Latest devel-

opments in .
ROOT :Math Beta and related functions

Old TMath

m Incomplete Beta

m Implementation in TMath
from NR

m Efficiency 4 - 1074(s/100
calls)

New MathCore

m Implementation
independent of GSL

m Efficiency 4 - 107*(s/100
calls)
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Latest devel-
opments in
ROOT::Math

Old TMath

m implementation from NR

Base
functions

Error function

New MathCore
m from CEPHES library
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Latest devel-
opments in

ROOT::Math Error fU nCthn

Old TMath New MathCore
m implementation from NR m from CEPHES library

m Efficiency around 0 better in CEPHES ( 10%), tails better
in TMath (factor 2)
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Latest devel-

opments in

ROOTMath Error function

Old TMath New MathCore
m implementation from NR m from CEPHES library

m Efficiency around 0 better in CEPHES ( 10%), tails better
in TMath (factor 2)

= Improvement in accuracy! (single — double precision)
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Latest devel-
opments in

ROOT::Math Probability distributions &
: : cumulatives

Using new implementation of inc_gamma and inc_ beta one
can reimplement

independently of GSL and NR!

The new implementation in MathCore uses
T m base functions from CEPHES library,

distributions

m reflexive property for inc_ beta function © to calculate
complementary cumulatives
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Latest devel-

opments in

ROOT:Math Description & Documentation

An online reconnaissance over Mathematical Libraries:
Information about existing algorithms and functions:

Reference to be found at:
ftp://root.cern.ch/root/doc/13MathLibraries.pdf
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Latest devel-
opments in
ROOT::Math

Mathematical libraries TWiki page

\EV-CEIEY
Stawinska

Mozilla Firefox
File Edt View Go Bookmarks Tools Help

¢&-5-&

|| Red Hat, Inc. | Red Hat Network (JSupport [ =1Shop [ Products (1 Training

D) [ nproot.cem.c 00T, icalLibrarie 84 0c (G

ROOT > Home > MathematicalL ibraries

[x]

‘ Edit this page ” Attach a file H Printable version ‘MHM‘

Mathematical Libraries in ROOT Il

The aim of Math libraries in RGOT is to provide and to support a coherent set of mathematical and statistical functions. The
latest developments have been concentrated in providing first versions of the MathCore and MathMore libraries, included in
ROOQT v5.08. Other recent developments include the new version of MINUIT, which has been re-designed and re-implemented in

the G+ language. It is integrated in ROOT. In addition, an optimized package for describing small matrices and vestor with
fixed sizes and their operation has been developed (SMatrix).

The structure fs shonn in the following picture.

Histogram lbrary
|
‘ Scatistical Libraries
Seah it
Webs
‘ RooT ‘
B — Linear Algebra
e Thiatrix
ROOT Topics | T
MathMore

Home
Mlithem aficallibraries | Exta aioerithms |

VathTable e

[Weh tols! ]
[ Done
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Latest devel-
opments in
ROOT::Math

\EV-CEIEY
Stawinska

On-line
inventory

Updated Inventory

MathTable < ROOT < TWi

File Edit View Go Bookmarks Tools Help

G- - 0 B[ npmooceme

00T MatliTable 8]+ 6e @

|| Red Hat, Inc. | Red Hat Network (JSupport [ =1Shop [ Products (1 Training

Inventory of Mathematical Functions and Algorithms

LOG Projct | LOG Applcations Ama Gamib wiisup | GSL contants | Stagun | MathLb Project | Project Partal | $Data: 2007109121 15:01:05 §

Find topic

ROCT

[ROOT Topics |

Home >
MathematicalLibraries
MathTable

Recent changes
Topic list

Verbose topic list
Access statistics
Netify me of changes
Web preferences

Web tools |

Functions and Polynomials

@ Special Functions
® Polynomials

® Function Approximations

Numerical Methods Random Numbers and Distributions Others

# Linear Algebra

# Random Number Generator
® Random Number Distribution  Difterential Equations
 Minimization o FFT

® Root-Finding

# Interpolation

Special Functions

Routines for evaluating Special functions

Bessel Functions of varfous types

* Regular cylindrical functions

* Irregular cylindrical functions

* Regular modified cylindrical
* Irregular modified cylindrical
* Regular spherical functions

* Irregular spherical functions

Examples and futorials

Bessel J functions of various orders ROOT, GSL, Cemlib
OO, GSL Cerlb
ROOT, GSL, Cerlib
FOOT, GSL Cerlb

ROOCT, GSL, Cemlib

Bessel Y functions of various orders
Bessel | functions of various orders
Bessel K functions of various orders
Bessel f functions of various orders

Bessel y functions of various orders

. Clausen function

Clausen infegral function GSL, Cemlib

03}
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Latest devel-
opments in

ROOT::Math The work is done...

Thank You!

On-line
inventory
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Latest devel-
opments in
ROOT::Math

)

On-line
inventory

r(z)

gamma function
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Latest devel-
opments in
ROOT::Math

On-line

inventory

(upper) incomplete gamma function

P(a,z) = 1 OOdt t*le7t a>0
o T(@) o ’
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Latest devel-
opments in

ROOTMath beta function

1
B(z,w) = / dt t=71(1 — t)v !
0

_ Mz)r(w)
B(z,w) = Tztw)

On-line

inventory
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Latest devel-
opments in
ROOT::Math

On-line
inventory

incomplete beta function

incomplete beta

1

0.8

0.6

0.4

0.2

Figure: inc_beta(x, a, b) for different parameters

1
B(a, b)

[1—1(x;a,b) =I(1-x;b,a)|

I(x; a,b) = / dt t771(1—t*"1) ab>0
0
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Latest devel-
opments in
ROOT::Math

Magdalena
Stawinska

Outline

Introduction

inventory

Gamma - absolute differences |

Gamma - relative differences |

TMath-Mathematica

GSL-Mathematica /

MathCore-Mathematica

TMath-Mathematica

GSL-Mathematica

MathCore-Mathematica

Figure:

Comparison with Mathematica Gammalx]
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Latest devel-
opment:
ROOT::Math

Magdalena

Stawinska
Outline
Introduction

Nurr
Integ

Implementing

inventory

| Incomplete gamma - absolute differences l

101

TMath-Mathematica

GSL-Mathematica

MathCore-Mathematica

Incomplete gamma - relative differences I

1

10°
“TMath-Mathematica
GSL-Mathematica
MathCore-Mathematica
14 b=
104
-15
10°F

Figure: Comparison with Mathematica GammaRegularized|[a, x|
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Latest devel-
opments in
ROOT::Math
\EV-CEIEY
Stawinska

Outline

Introduction

inventory

| Beta - absolute differences | Beta - relative differences |

10"

TMath-Mathematica

TMath-Mathematica

1012
GSL-Mathematica GSL-Mathematica

MathCore-Mathematica

MathCore-Mathematica

Figure: Comparison with Mathematica Beta[a, x|
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Latest devel-

opment:
ROOT::Math
| Incomplete beta - absolute differences | Incomplete beta - relative differences |
Magdalena
S'aWiﬁSka ‘TMath-Mathematica 10713 - TMath-Mathematica
14 GSL-Mathematica E GSL-Mathematica
Outline 10 [
MathCore-Mathematica o MathCore-Mathematica
Introduction 1075 L
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Integ 107 3
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X X

Figure: Comparison with Mathematica BetaRegularized|x,a,b]

inventory
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Latest devel-

opment:
ROOT::Math
| Erfc- absolute differences | Erfc- relative differences |
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Stawinska
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Figure: Comparison with Mathematica Erfc[x]

On-line
inventory
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Latest devel-
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ROOT::Math
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| ChisquareProb nu=10 - absolute differences I

10"

TMath-Mathematica

MathCore-Mathematica

2 4 6 8 10 12 14 16 18 20
X

ChisquareProb nu=10 - relative differences I
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Figure: Comparison with Mathematica ChiSquareDistribution[x]
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Latest devel-
opments in
ROOT::Math

[ F distribution - absolute differences ] [E distribution - relative differences |

Magdalena
Stawinska

TMath-Mathematica TMath-Mathematica

GSL-Mathematica GSL-Mathematica
Qutline
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Latest devel-
opment:
ROOT::Math

\EV-CEIEY
Stawinska

Outline

Introduction
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| Student-t distribution - absolute differences l Student-t distribution - relative differences l
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TMath-Mathematica
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Figure: Comparison with Mathematica
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