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Introduction

HEP (high energy physics) aside from scientific research
pushes leading edge technology as its byproduct.
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Introduction

HEP (high energy physics) aside from scientific research
pushes leading edge technology as its byproduct.

Main demands for data processing:
» for petabytes of data:
+ effective storage
» fast analysis

« extensible framework

And so ROOT (ROOQOT Object Oriented Toolkit) was born
in 1995 for NA49 experiment. PAW is its ancestor, Rene
Brun is founder of both projects.
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ROOT framework

Acquisition il Analysis

i

ROT Fra ework W

C++11 framework

Typically each experiment creates own classes and LVEE
applications based on ROOT framework. e



Key features

* Cross-platform: Linux, MacOS, Windows
* All major compilers: gcc, clang, icc

e LGPL-2.1 (+ other free licenses for aux
components)
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Key features

Cross-platform: Linux, MacOS, Windows
All major compilers: gcc, clang, icc

LGPL-2.1 (+ other free licenses for aux
components)

C++11 framework for building applications
Analysis tools

Regular compilation/linking
C++ interpreter: Cling (LLVM/Clang based)
Automatic interface to compiler (ACLIC)
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Advanced features

~ 2700 C++ classes

Statistical analysis tools (fitting, minimizing)
Multivariate analysis (MVA)

Neural networks
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Advanced features

~ 2700 C++ classes

Statistical analysis tools (fitting, minimizing)
Multivariate analysis (MVA)

Neural networks

Visualisation tools (including OpenGL)
Effective data queries in large data sets
Client/server networking

Parallel computing facilities (PROOF)

Grid, AFS
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C++ Interpreter
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$ root -1

root [0] TF1 f1(”func”,”sin(x)/x",0,10);

root [1] fl.Draw();

Info in <TCanvas::MakeDefCanvas>: created default TCanvas with
name cl

root [2] cl->Print(”sin.pdf”);

Info in <TCanvas::Print>: pdf file sin.pdf has been created

root [3] .q LVEE
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C++ Interpreter

<=ROOT-5.x CINT (C Ineterpreter)
>=ROOT-6.x Cling

ACLIC support for fast compiling and linking
Can be separated from ROOT!
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C++ Interpreter

<=ROOT-5.x CINT (C Ineterpreter)
>=ROOT-6.x Cling

* ACLIC support for fast compiling and linking
* Can be separated from ROOT!

Cling features:
* based on Clang and LLVM
o JIT
* stricter C++11 support
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ROOT File
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File Header Logical Record Header (TKEY)

’root’: Root File Identifier

fVersion: File version identifier
fBEGIN: Pointer to first data record
fEND: Pointer to first free word at EOF
fTSeekFree: Pointer to FREE data record
fNbytesFree: Number of hytes in FREE
TNfree: Number of free data records
THbytesName: Number of bytes in name/titie]
TUnits: Number of bytes for pointers
fCompress: Compression level

THbytes: Length of compressed object
fVersion: Key version identifier
TObjLen: Length of uncompressed object
fDatime: Date/Time when written to store
fKeylen: Number of hytes for the key
fCycle : Cycle number

TSeekKey: Pointer to object on file
fSeekPdir: Pointer to directory on file
fClassName: class name of the object
fName: name of the object

fTitle: title of the object
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Tree structure

| Tree Data Structure |

= TObjArray of TBranch
Tree
fScanield e £
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MaxBaskets §

. ; UG U <216 bit sined short interger
fEntries | TR TOGTEDR ER + 216 bit unsigned short integier
———— TisUnmsined: True if unsie i

A *flsafCount: points to Leaf counter
; @32 bit unsigned integer
Tame - Leaf name T+ 232 bit loatny pant
] Tile - Leat type (see Type codes) D : 264 bit Aaaling point
E] TH000K  a class name TCX
1BaskeTEVent
Trst event of each bas|
Array of fMaxBaskets Inttqers
fBaskets = TObjArray of TBasket
——} ‘Baske! 0 '—} ‘Baske! 1'—} ‘Baske! er

Size of compressed Daskel

Size of uncompressed Daskel IEVenlOﬂset
aterTime when written fo stors. i

TKeylen: Humber of bytes for the key

DaterTi J OrTSeTaTveTE T TETer
: Ay o fEventOffsclLen Itegers
5 € variabo length struclur)
fCycle : Cycle number 4

Scekkoy: Rt ta Dask o i -
TSeekir: Tointer to dirsctory on file I

. N R Basket buffer
TCiassName: Thaske! d » I
Name: Branch name i Array of fBasketSize chars

1Tille: Tree name
ZipButter

TNevDL inmber o1 events in Basket Basket cowprrascd buffer .
TLst: ponter to st useabyteim bssket | | rcomrsian I Baskets
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Math

3-Vectors and transform

4-Vectors and Lorentz Transformations

Matrix computations

Numerical algos: derivation, integration, etc
Minimization functions

PDF-based analysis

All standard C, C++ functions: GSL, STL, Boost, etc
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Visualisation
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Event Display
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GUI

E/ROOT Object Browser SOE
Browser ‘Eile Edit Wiew Options Toals ﬂgl
Fiss | Editcr 1 [12] Carwas 1 (3] |
Draw Option: lﬁ | Test random numbers | Erien
{unuran :;‘s"

A xml

To¥ MyTasks. oo
-3 Presentsr.C

[ JrEADME

-3 benchmarks.C
AGr demos.C

& demoshelp.C
Sidfilrandom.root

Dfurml;l

E

—ﬂggallak?.mnt

CH geant3tasks.C

G hsimple.C
B hsimple.ract
Aghsimple.ract Canvas 1 Canvas 1 [85,10 | x=0.150176, y=0,966777 4
Cﬁ-htm\ex.c e -
Finaad root Comard |

=]

CH regexp.C

Command (local):
Grreneo oy e |

Filker: |AII Files (*.*)




GUI

E Root Shower Event Display g@

Help

Fle Event Inols Wiew

PE ¢ 90 & €920 |0
& ROOT Shower Monte Carlo

D Event Display

Start New Event Main Event (Shawer) | Selecked Track | Statistics | PDG Table |
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|
4% B0
=44 D*{2010)-
=44 Unknown
g e >
Fenuls) bar
4% pit
o ¥
Fmu-
e nulmu) bar
4% Ds)*+
=44 DS
g% etal
g% tho(Z701+
=44 gamma
wgd et
w gt e
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Done - Total particles : 5612 - Waiting for next: simulation Particle = e+, E = 3.503e-002 Lina Vacion | Exiin. e




Data analysis

Resolution in $9 at Corner of Xtals 204/224/205/225 @ 120 GeV without compensation |
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Data analysis
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PROOF

Client Master Slaves Files




Integration with other tools

Interpreters:
* C++ (Cling)
* Python
* Ruby (not in ROOT6 yet)
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Integration with other tools

Interpreters:
* C++ (Cling)
* Python
* Ruby (not in ROOT6 yet)

Simulation software:
* Geant-3, Geant-4
* Pythia-6, Pythia-8

DB: MySQL, Postgres, Oracle, SQLite, ODBC
* CAD: OpenCascade

OpenFOAM, R

Grid, AFS, ...
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Events / 2 GeV
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Higgs discovery

CMS Preliminary Ne=7TeV,L=505m" NE=8TeV. L=5261b"
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Scope of applications

Outside of HEP and Nuclear Physics ROOT is used in:

astronomy

biology, bioengineering, bioinformatics
computational neuroscience

finance

machine learning

medicine

natural language processing




Community
Visit root.cern.ch for details and downloads!

Mail list, forums and jira are available for discussion
and reports.

Most user issues from novice till expert level are
discussed.

Upstream is quite effective in patch review.

Thank you for attention!
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