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TMVA - Toolkit for Multivariate Data Analysis  P.404
Ҋ ̔

http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/sgROOTIntroTeV2016.pdf

http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/sgROOTIntroTeV2016.pdf


ROOT׃ ȁ



ROOT ᴆ

2016/7/13 siguang@pku.edu.cn 4

https://root.cern.ch/

https://root.cern.ch/
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ROOT V5
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Project Statistics
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http://root.cern.ch/drupal/content/project -statistics

2014 ̆ ⌠ ᵌ



Ҋ
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https://root.cern.ch/drupal/content/download-statistics 2016.4.2

https://root.cern.ch/drupal/content/download-statistics


WindowsҊ
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1) ᾢ VirtualBox
https://virtualbox.org/

2) ῀ ᴆ Linux root

https://virtualbox.org/


ᶫ
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ᶫ Debian ᵬ ̆VirtualBox ̔
VirtualBox-4.3.12-93733-Win (ῒ VirtualBox ᶏ ̃

ѿ ̔Ҋ ̂64β ̃̔
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VMVirtualBox_Debian_ROOT_G4.rar
Ҋ ᴆ , ⌠VirtualBox-4.3.12-93733-Win.exe ; 

ԋ ̔ ľ ĿҊ ľ ῀ Ŀ ₮ ῤ
ľDebianROOT534_604Geant4_96_10.ovaĿ
҈ ̔ ľ Ŀ ľ῍֣ ᴆ Ŀ ̆Windowҍ ӊ ץ ῍֣ ᴆ

֜
̔ľ ꜚĿ̆ ԍwsg root ̆ testroot

̔
ROOT5.34  ROOT6.04
Geant4.96  Geant4.10

32β Ҋ ̔
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VirtualBox-4.3.12-93733-Win.exe
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VBoxGuestAdditions_4.3.12.iso
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/Debin32bit_ROOT534_600_G496p02.ova

http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VMVirtualBox_Debian_ROOT_G4.rar
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VirtualBox-4.3.12-93733-Win.exe
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VBoxGuestAdditions_4.3.12.iso
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/Debin32bit_ROOT534_600_G496p02.ova


Configure ROOT ̔ fftw Pythia6 Pythia8
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#!/bin/bash
export PYTHIA6=/home/wsg/work/pythia6/pythia6428
export PYTHIA8=/home/wsg/work/pythia8/8186
export PYTHIA8DATA=/home/wsg/work/pythia8/8186/xmldoc
export PYTHONDIR=/usr
export PATH=$PYTHONDIR/bin:$PATH
export LD_LIBRARY_PATH=$PYTHONDIR/lib:$PYTHIA6:$PYTHIA8/lib:$LD_LIBRARY_PATH
export PYTHONPATH=$PYTHONDIR/lib:$PYTHONPATH

./configure --prefix=/home/wsg/work/root/534 --fail-on-missing --enable-pythia8  --with-pythia8-
incdir=$PYTHIA8/include  --with-pythia8-libdir=$PYTHIA8/lib --enable-pythia6 --with-pythia6-
libdir=$PYTHIA6  --enable-fftw3 --with-fftw3-incdir=/usr/include --with-fftw3-libdir=/usr/lib --enable-
python  --with-python-incdir=/usr/include/python2.7 --with-python-libdir=/usr/lib  --enable-tmva--
enable-qt --enable-unuran--enable-qtgsi --enable-minuit2 --enable-roofit --enable-gdml --enable-
reflex  --enable-cxx11 --enable-cocoa
make -j2

╠ PYTHIA fftw



FFTW
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1̔Debian, Ubuntu ̂
ῃ ̆ ˻̃̔

apt-get install libfftw3-dev

2̔Ҋ FFTW ף ( Ҋ )̆
emacsINSTALL 
mkdir fftw Ḃ :

/home/wsg/work/fftw
./configure  - -prefix=/home/wsg/work/fftw
ȍprefix╠ ңҩ⁞ Ȏ
make ςj2    2 CUP ̆
make install



http://www.fftw.org/download.html
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RooFit ị ̆
root╠ FFTW



PYTHIA6.4.28 ̂ № ף ̃
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http://home.thep.lu.se/~torbjorn/Pythia.html

wgethttps://root.cern.ch/download/pythia6.tar.gz
tar zxvfpythia6.tar.gz
rm -rf pythia6.tar.gz
wgethttp://www.hepforge.org/archive/pythia6/pythia-6.4.28.f.gz
gzip-d pythia-6.4.28.f.gz
mv pythia-6.4.28.f pythia6/pythia6428.f
rm -rf pythia6/pythia6416.f
mv pythia6 pythia6428
cd pythia6428
./makePythia6.linuxx8664
cd ..

wgethttp://home.thep.lu.se/~torbjorn/pythia8/pythia8186.tgz
tar zxvfpythia8186.tgz
rm -rf pythia8186.tgz
cd pythia8186
./configure --enable-shared --enable-64bit
make -j2
cd ..

cat >setupPythiaROOT

#!/bin/ sh
export PYTHIA6=$PWD/pythia6428
export PYTHIA8=$PWD/pythia8186
export PYTHIA8DATA=$PWD/pythia8186/xmldoc

source setupPythiaROOT



Ҭ ⌠ ӇⱲ̙
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̔
sudoapt-get update 
sudoapt-get upgrade 

₮ ה̆ ̆ ᴆ Ȃ ROOT6̆ gcc4.8 ̆DebianҊ
gcc ̔

sudoapt-get update 
sudoapt-get upgrade 
sudocp/etc/apt/ sources.list /etc/apt/ sources.list.WHEEZYᴍ
emacs/etc/apt/ sources.list ̆ ľwheezyĿҹľjessieĿ
sudoapt-get update
sudoapt-get install gcc-4.9 g++-4.9 
sudocp/etc/apt/ sources.list.WHEEZY/etc/apt/ sources.list
sudoapt-get update



ROOT 
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https://root.cern.ch/drupal/content/build-prerequisites 
Ҋ ̔

sudoapt-get install git dpkg-devmake g++ gccbinutils libx11-dev 
libxpm-devlibxft-devlibxext-dev
Optional packages:
sudoapt-get install gfortran libssl-devlibpcre3-dev xlibmesa-glu-
devlibglew1.5-dev libftgl-devlibmysqlclient-devlibfftw3-dev 
cfitsio-dev graphviz-devlibavahi-compat-libdnssd-devlibldap2-
dev python-dev libxml2-dev libkrb5-dev libgsl0-dev libqt4-dev

ROOT ̆ ҉ץ פ

Ҍ ᵬ

https://root.cern.ch/drupal/content/build-prerequisites


apt-get פ
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apt-get Ӎ shell ӊѿԅ̆פ
APT פ ̔

apt-cache search package ᴆ
apt-cache show package ῏Ḥ ̆ ȁ ȁ

sudoapt-get install package 
sudoapt-get install package --reinstall 
sudoapt-get -f install ḱ
sudoapt-get remove package −
sudoapt-get remove package --purge − ̆ ᴆ
sudoapt-get update 
sudoapt-get upgrade 
sudoapt-get dist-upgrade 
apt-cache depends package ԅ ᶏ ᶭ ֓
apt-cache rdependspackage ֓ ᶭ
sudoapt-get build-deppackage ῏
apt-get source package Ҋ ף
sudoapt-get clean&& sudoapt-get autoclean
sudoapt-get check ᶭ

gv ̔
apt-get install gv



Ӟ ᵬ root
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̔ Ҋ̆ UbuntuȁDebian ᵬ Ҋ

apt-get install root-system

tutorialsȁtest ᴪ ̔
/usr/share/doc/root/tutorials

/usr/share/doc/root/test



LinuxҊ cmake ף

╠ ‰ ̔

cmake̕

Ҋ root ף ⌠root Ҋ
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mkdir -p tmpRootCompile
cd tmpRootCompile
cmake../root-6.04.16 -DCMAKE_INSTALL_PREFIX=/home/wsg/work/root/604 
-Dall=on  -Dfail-on-missing=OFF

make -j2
make install root ף

/home/wsg/work/root/604
-Dall=on
-Dfail-on-missing=OFF ⌠ , ῒᵩ

̔https://root.cern.ch/installing-root-source



LinuxҊ cmake ף root5

#!/bin/bash

#pre install FFTW with apt-get install libfftw3-dev

#more: https://root.cern.ch/installing-root-source

export PYTHIA6=/home/wsg/work/pythia6/pythia6428

export PYTHIA8=/home/wsg/work/pythia8/8186

export PYTHIA8DATA=/home/wsg/work/pythia8/8186/xmldoc

export PYTHONDIR=/usr

export PYTHONPATH=$PYTHONDIR/lib

export PATH=$PYTHONDIR/bin:$PATH

export LD_LIBRARY_PATH=$PYTHONDIR/lib:$PYTHIA6:$PYTHIA8/lib:$PYTHONDIR/lib:$LD_LIBRARY_PATH

mkdir -p tmpRootCompile

cd tmpRootCompile

2016/7/13 siguang@pku.edu.cn 20

̔

Root534Ҋ pythia8.1*
Root6Ҋ ץ pythia8.2*

pythia8* Ṝ̔
./configure --enable-shared --enable-64bit ςǇǊŜŦƛȄҐΧΧΦΦ



cmake

cmake -DCMAKE_INSTALL_PREFIX=/home/wsg/work/root/534  

../root 

-DPYTHIA6_LIBRARY=/home/wsg/work/pythia6/pythia6428/libPythia6.so -Dpythia6=ON 

-DPYTHIA8_DIR=/home/wsg/work/pythia8/8186 

-DPYTHIA8_INCLUDE_DIR=/home/wsg/work/pythia8/8186/include   

-DPYTHIA8_LIBRARY=/home/wsg/work/pythia8/8186/lib/libpythia8.so -Dpythia8=on 

-DPYTHON_EXECUTABLE=/usr/bin   

-DPYTHON_INCLUDE_DIR=/usr/include/python2.7  

-DPYTHON_INCLUDE_DIR2=/usr/include/python2.7 

-DPYTHON_LIBRARY=/usr/lib/python2.7/config/libpython2.7.so  

-Dall=on -Droofit=on -Dfftw3=on -Dpython=on -Droottest=on -Druby=on -Dtmva=on -
Dtestring=on -Dxml=on -Dx11=on -Dqt=on -Dmt=on -Dxrootd=on -Dtcmalloc=on  -Dfail-
on-missing=OFF

make ςj2

make install
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root ף
/home/wsg/work/root/534
-Dall=on
-Dfail-on-missing=OFF ⌠ , ῒᵩ

̔https://root.cern.ch/installing-root-source

҉ץ ף ѿ
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bash
wsg@debian:~$ cd
wsg@debian:~$ emacs.bashrc&

ᴆҬⱴ῀̔
export PYTHONPATH=/usr/lib/python2.7      ҹԅᶏ pyroot
export ROOTSYS=/home/wsg/work/root/534
export PATH=$ROOTSYS/bin:$PATH
export LD_LIBRARY_PATH=$ROOTSYS/lib:$LD_LIBRARY_PATH

̔ echo $0

-tcsh
wsg@debian:~$ cd
wsg@debian:~$ emacs.tcshrc&

ᴆҬⱴ῀̔
setenvPYTHONPATH /usr/lib/python2.7            ҹԅᶏ pyroot
setenvROOTSYS   /home/wsg/work/root/534
setenvPATH   $ROOTSYS/bin:$PATH
setenvLD_LIBRARY_PATH   $ROOTSYS/lib:$LD_LIBRARY_PATH

῀
root



̔ $ROOTSYS/tutorials/
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$ROOTSYS/tutorials/Ҋ ᶛ ̆ ҹ̔
$cd  $ROOTSYS/tutorials/roofit
$root rf208_convolution.C

₮ Ȃ
̆ ᵰ rootȁroofit ᴆ ȁfftw ᴆ

ⱳȂ
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wsg@debian:~/work/root/534/tutorials/ roofit$ root
root [0] .L rf208_convolution.C++
Info in <TUnixSystem::ACLiC>: creating shared library 
/home/wsg/work/root/534/tutorials/roofit/./rf208_convolution_C.so

RooFitv3.60 -- Developed by WouterVerkerkeand David Kirkby
Copyright (C) 2000-2013 NIKHEF, University of California & Stanford 

University
All rights reserved, please read http://roofit.sourceforge.net/license.txt

root [1] rf208_convolution()

ҹ ῀



$ROOTSYS/tutorials/rf208_convolution.C
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ᴆ



rf208_convolution.C

2016/7/13 siguang@pku.edu.cn 26



rf208_convolution.C
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≠ RooFit



TRandom3
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Rndm():
Machine independent random 
number generator. Produces 
uniformly-distributed floating 
points in ]0,1]  
Method: MersenneTwistor

SetSeed(0) --- ꜚ or 
SetSeed(Num), Num>0 ↓

106000

TRandom3   r;
r.SetSeed(0);
Double_tval = r.Rndm();



TRandom3
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ѿҩ ₱ ֟
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1) ֟ (x,y)
2)∞ y Ҋץ

TRandom3   r;
¢IмC ϝƘҐƴŜǿ ¢IмCόάƘέΣέ̕x̕y̆100,0,1̃
r.SetSeed(0);
Double_tX = r.Rndm();
Double_tY = r.Rndm();
If(Y<f(X) h->Fill(X)
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$root spec.root
[] new TBrowser
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ף ̂ ӈg1ȁg2̕3 ̃
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ף

Ӟ ץ CPU (unbin ᴆҊ)̔

RooFitResult* frlt = model.fitTo(dh,Save(),NumCPU(2));

2016/7/13
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ΐᵣ ̔
*̆ ̆ ̆X № Ҭ ̆ȇ Ȉ vol 38, No.2, 020502(2015)
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№ Ҋ
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ꜚ ᵝ ᵝ



№ ᶛ
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№ ȡὙ
Ϸ

55ҩ ;
ԍ Ώ
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ROOT №ⱳ



TSpline 0.46 0.994
0.48 0.985
0.51 0.993
0.53 0.993
0.56 0.99
0.58 0.995
0.61 0.981
0.63 0.969
0.65 0.96
0.68 0.954
0.7 0.958
0.73 0.968
0.75 0.975
0.78 0.976
0.8 0.977
0.83 0.974
0.85 0.975
0.88 0.976
0.9 0.976
0.93 0.973
0.95 0.971
0.98 0.963
1 0.947
1.02 0.93
1.05 0.921
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ROOT № TSpectrum
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$ROOTSYS/tutorials/spectrum $ root peaks.C

TSpectrum



TSpectrum ⱳ ӊ ᵀ
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http://root.cern.ch/root/html534/TSpectrum.html#TSpectrum:Background

constchar * Background(float* spectrum, Int_t ssize, Int_t numberIterations, Int_t direction, 
Int_t filterOrder, bool smoothing, Int_t smoothWindow, bool compton)

Parameters:
spectrum: pointer to the vector of source spectrum 
ssize: length of the spectrum vector 
numberIterations: maximal width of clipping window, 
direction: direction of change of clipping window. Possible 
values: kBackIncreasingWindow, kBackDecreasingWindow
filterOrder: order of clipping filter. Possible values: 
kBackOrder2, kBackOrder4, kBackOrder6, kBackOrder8 
smoothing: logical variable whether the smoothing operation 
in the estimation of background will be included. Possible 
values: kFALSE, kTRUE
smoothWindow: width of smoothing window. Possible values: 
kBackSmoothing3, kBackSmoothing5, kBackSmoothing7, 
kBackSmoothing9, kBackSmoothing11, kBackSmoothing13, 
kBackSmoothing15. 
compton: logical variable whether the estimation of Compton 
edge will be included. Possible values: kFALSE, kTRUE. 

http://root.cern.ch/root/html534/TSpectrum.html
http://root.cern.ch/root/html534/src/TSpectrum.cxx.html
http://root.cern.ch/root/html534/ListOfTypes.html
http://root.cern.ch/root/html534/ListOfTypes.html
http://root.cern.ch/root/html534/ListOfTypes.html
http://root.cern.ch/root/html534/ListOfTypes.html
http://root.cern.ch/root/html534/ListOfTypes.html


ᵀ ף
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TSpectrum ⱳ ӊ ᾣ
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constchar* SmoothMarkov(float* source, Int_t ssize, Int_t averWindow)

Parameters:
source: pointer to the array of source spectrum 
ssize: length of source array 
averWindow: width of averaging smoothing window 

http://root.cern.ch/root/html534/src/TSpectrum.cxx.html
http://root.cern.ch/root/html534/ListOfTypes.html
http://root.cern.ch/root/html534/ListOfTypes.html


ᾣ ף
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tutorials/mlp/mlpHiggs.C
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Added for C++ output
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How to use the 
trained mlp

ΧΧΧΧ

ΧΧΧΧ



test.hand test.cxx will be created
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ΧΧΧΧΧΦ

test.h
test.cxx



/tutorials/mlp/mlpRegression.C
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PhaseSpace
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$ROOTSYS/tutorials/physics/PhaseSpace.C



$ROOTSYS/tutorials/physics/PhaseSpace.C
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g+ H  ­ p + p+ + p-



/tutorials/pythia$ root pythiaExample.C
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libPythia6.so ԅ
export PYTHIA6=/home/wsg/work/pythia6/pythia6428
export LD_LIBRARY_PATH=$ROOTSYS/lib/root:$PYTHIA6:$PYTHIA8/lib:$LD_LIBRARY_PATH
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g++ -o pythiaExamplepythiaExample.C̀root-config--cflags--libs`  -lEG-lEGPythia6  
-L/home/wsg/work/pythia6/pythia6428 -lPythia6

./pythiaExample100



/ tutorials/ pythia/pythia8.C
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˻
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2D 
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$ROOTSYS/tutorials/spectrum$ root spectrumpainter.C



OpenGL
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ROOT ױẠԅ ᵬ!
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$ROOTSYS/test/RootShower$ ./RootShower



$ROOTSYS/tutorials/fit/fitLinearRobust.C
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$ROOTSYS/tutorials/fit/fitLinearRobust.C
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‰



$ROOTSYS/tutorials/fit/fitLinearRobust.C
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$ROOTSYS/tutorials/fit/fitLinearRobust.C
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$ROOTSYS/tutorials/fit/fitMultiGraph.C
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$ROOTSYS/tutorials/fit/fitMultiGraph.C
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$ROOTSYS/tutorials/fit/fitMultiGraph.C
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$ROOTSYS/tutorials/fit/fitMultiGraph.C
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$ROOTSYS/tutorials/fit/fitMultiGraph.C
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"F" If fitting a polN, switch to minuit
fitter



$ROOTSYS/tutorials/roofit/rf501_simultaneouspdf.C
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$ROOTSYS/tutorials/roofit/rf501_simultaneouspdf.C
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$ROOTSYS/tutorials/roofit/rf501_simultaneouspdf.C
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῍ sigma



$ROOTSYS/tutorials/roofit/rf501_simultaneouspdf.C
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$ROOTSYS/tutorials/roofit/rf501_simultaneouspdf.C
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Highlight of non-parametric shapes - histograms

Class RooHistPdf ςa p.d.f. described by a histogram

Not so great at low statistics (especially problematic in >1 
dim)

// Histogram based p.d.f with N - th order interpolation

RooHistPdf ph(" ph"," ph",x,* dataHist,N ) ;  

dataHist RooHistPdf (N=0) RooHistPdf (N=4 )

2016/7/13
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RooHistPdf
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$ROOTSYS/tutorials/roofit/rf706_histpdf.C



$ROOTSYS/tutorials/roofit/rf706_histpdf.C
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$ROOTSYS/tutorials/roofit/rf706_histpdf.C
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Highlight of non-parametric shapes ςkernel estimation

Class RooKeysPdf ςA kernel estimation 
p.d.f.

Uses unbinneddata 
Idea represent each event of your MC sample as a 
Gaussian probability distribution
Add probability distributions from all events in 
sample

Sample of events

Gaussian 
probability distributions 

for each event

Summed
probability distribution
for all events in sample

2016/7/13
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Highlight of non-parametric shapes ςkernel estimation

Width of Gaussian kernels need not be the same for all events
As long as each event contributes 1/N to the integral

Idea: Ψ!ŘŀǇǘƛǾŜ ƪŜǊƴŜƭΩtechnique(Automatically calculated̃

Choose wide Gaussian if local density of events is low -->Preserves small 
features in high statistics areas,

Choose narrow Gaussian if local density of events is highĄminimize jitter in low 
statistics areas 

Static Kernel
(with of all Gaussian identical)

Adaptive Kernel
(width of all Gaussian depends

on local density of events)

2016/7/13 103siguang@pku.edu.cn



Highlight of non-parametric shapes ςkernel estimation

Example with comparison to histogram based p.d.f
Superior performance at low statistics

/ŀƴ ƳƛǊǊƻǊ ƛƴǇǳǘ Řŀǘŀ ƻǾŜǊ ōƻǳƴŘŀǊƛŜǎ ǘƻ ǊŜŘǳŎŜ ΨŜŘƎŜ ƭŜŀƪŀƎŜΩ

Works also in >1 dimensions (class RooNDKeysPdf )

// Adaptive kernel estimation p.d.f

RooKeysPdf k("k","k",x,*d,RooKeysPdf::MirrorBoth) ;

Data (N=500) RooHistPdf (data) RooKeysPdf (data)
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$ROOTSYS/tutorials/roofit/rf707_kernelestimation.C

2016/7/13 siguang@pku.edu.cn 105



$ROOTSYS/tutorials/roofit/rf707_kernelestimation.C
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$ROOTSYS/tutorials/roofit/rf707_kernelestimation.C
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ΧΧΧΧΦ



$ROOTSYS/tutorials/tree/tree0.C
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$ROOTSYS/tutorials/tree/tree0.C
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$ROOTSYS/tutorials/tree/tree0.C
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$ROOTSYS/tutorials/tree/tree0.C
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$ROOTSYS/tutorials/tree/tree1.C
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$ROOTSYS/tutorials/tree/tree1.C
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$ROOTSYS/tutorials/tree/tree2.C
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$ROOTSYS/tutorials/tree/tree2.C
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$ROOTSYS/tutorials/tree/tree2.C
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$ROOTSYS/tutorials/tree/tree2.C

2016/7/13 siguang@pku.edu.cn 117

Branch(branchname, &object, bufsize, 
splitlevel)

file:///C:/Users/wsg/Desktop/htmldoc/TTree.html


$ROOTSYS/tutorials/tree/tree2.C
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$ROOTSYS/tutorials/tree/tree2.C
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$ROOTSYS/tutorials/tree/tree2.C
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$ROOTSYS/tutorials/tree/tree2.C
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ץ ROOTᵬҹ ₱
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runTest.C
FindROOT.cmake(
http:// root.cern.ch/drupal/sites
/default/files/event.tgz
)

Һ Ҋ

CMakeLists.txt
ᴆ

Include ᴆ(Tools.hh)
Src .cc ᴆ̂Tools.cc̃

http://root.cern.ch/drupal/sites/default/files/event.tgz


ץ ROOTᵬҹ ₱
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CMakeLists.txt



Tools.cc №₱
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ץ ROOTᵬҹ ₱
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>cmake../GuiRunCode/    ̔ ҹCmakeLists.txt 
>make                                    ̔ runTest
>./runTest ̔
root[0].q                                ̔ .q ₮
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Codes under 
$ROOTSYS/tutorials/graphics



graphics/framework.C
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