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In 1994, fundamental divergence of opinions in Application
Software group in IT. The PAW/Geant3 team is dismantled.

Project History

Jan 95: Thinking/writing/rewriting/???
November 95: Public seminar, show Root 0.5
Spring 96: decision to use CINT

Jan 97: Root version 1.0

Jan 98: Root version 2.0

Mar 99: Root version 2.21/08 (1st Intl Root workshop FNAL)
Feb 00: Root version 2.23/12 (2nd Intl Root workshop CERN)
Sep 00: Root version 2.25/03

Dec 00: Root version 3.00/01
Jun 01: 3rd International Root workshop at FNAL
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The ROOT Project A

ROOT 2.0

ROOT 1.0

ROOT 0.5

1995 2000 2005
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How Much Data is Involved? %

Lovel 1 Rat High Level-1 Trigger High No. Channels
TN (1 MHz) 4 | High Bandwidth

(H2) 106 (500 Gbit/s)

'[—High—T‘l'a Archive

(5 PetaBytes/year)

10 Gbits/s in Data base
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STAR
106 107
Event Size (bytes)
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CERN - Tier O
(CERN - Tier 1)

HC Computing - a Multi-Tier Model”
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i Languages for Data Analysis ~ £.

= Data analysis requires an efficient access to objects
(both data and functions).

= It requires a powerful programming language:
= in interpreted AND compiled mode

= Transition from interpreted mode to compiled mode must be
smooth and transparent.

= A scripting language (eg Python) is not the solution

= Java could be a candidate. However, severe
performance penalty. I/O is far too slow.

= C++, the only realistic choice.
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A Scripting Language ? A

With today desktop machines, it takes between a few seconds and one
minute to compile and dynamically link a realistic analysis script.

With computers becoming faster and faster, one may hope that in a few
years from now, dynamic compilation and linking will become affordable
for an increasing number of tasks.

Having the same language for the interpreted and the compiled codes
will be a tremendous advantage. On the other hand, nobody will trust
results produced by a pure interpreted language.

An interpreted language is fundamental for tasks that must be executed
rapidly, such as short scripts edited very frequently or all the tasks
called via the graphical user interface

EUSO The ROOT system 7



Interpreter to Compiler

The ROOT system




The Choice of CINT £

Our goal was to combine the advantages of an interpreted and/or
compiled language in one single framework. To achieve this goal, we
had to develop a powerful object persistency system with as few
limitations as possible to support the main stream proposed OO
language C++.

We were lucky to find an existing C++ interpreter CINT capable of
parsing the complex C++ header files and to support a very large
subset of the language interactively. CINT was developed by Masa Goto
from HP/Japan since 1992.

We developed an extended Run Time Type Information (RTTI) used in
the I/0O system but also in many other places including the Graphical
user Interface. This RTTI goes far beyond the C++ RTTI and looks more
like the Introspection mechanism in Java.
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Rootcint Preprocessor

UserClass1.h

EUSO
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‘@ UserCint.C_

C++ code
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the RTTI

Interface for
CINT interpreter
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ROOT User Interfaces

Scl xterm <10

{(pcnotebrun) #[335] cd root/tutorials

(penotebrun) #[(336] root
ek ok ok ok ok ok ke Ao ok ok ok ok ok ok ok ek kK

1

Command line ] WEL C The Command line
Version 3.0% Interface

X
X
. *
C++ Scrl tS *  You are welcome to vi
* http://root.cern.
X,
ke ke ke ok ok o R ke ok ok o ke ok ok ok ok ok ok ok ok ok ke ok &k ok ok ok ok ok ok

reeType Engine vl.x used =r TrueType fonts.
ompiled with thread suppg

Wz ROOT Object Browser INT/ROOT C/C++ Interpre
File Wiew Ontions ype ? for help. Comma ast be C++ statements.
= = =F nclose multiple state

| C3 current ir

| &1l Folders | Contents of "

Jroot _hamesghirspanacekroot2Siraat vpe ". : o get a toolbar from which to execute the demos
__Imomedghifspanacekiroot25400 | 7R 00T Files

_JROOT Files Croot ype ". 1p.C" to see the help window

oot [0] float xx = 2.5 + sqrt(678.5)

oot [1] x/2

double)1.42740163803100586e+01

oot [2] new TBrowser

class TBrowser*)0x8057fb8

oot [3] .x hsimple.C

simple : Real Time .39 seconds Cpu Time = 1.41 seconds
oot [4] .g

The ROOT his is the end of ROOT —— Goodk The C++ SCrlpt
1 . cnotebrun) #[337 o
|' | = browser T — interface
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GUI User example

= Select Element pid
Feriodic Table I Mame | bremonic | Z (Charge) |
Group 1 a K] 4 5 3] 7 i 9 10 11 1€ 13 14 15 16 17 1d
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g Rb | &r Yol Zr [ Mb|iMo] Te | Bu| Bh ) Pd | Ag| Cd| In | Sn| Sb)|Te] | | Xe
B 99| 96 ). 71| T2 Fa| Y4 Fo )| Je| 77| Fd| 73| @0 91| 62| 93| 64 | 95| &6

Zsz | Ba Lu| Hf| Ta| W | Re | ©s| Ir | Pt| &u] Hg| TI | Pb| Bi | Po] &t] En
7 87 |/ 88 [.. T03) 104 105|106 107) 108|103 110111 [ 112 113] 114 1115 116[ 117|115

Fr| Ra Le | Rf | Ha| Sg | Ms | Hs | Kt | Uun] Do) Dok Dot ) Uog) Oupd Ouhb) Ous) Ouo

a7 | 98| 59| 60| B1 | 62| B3| B4 | 65| BB | 67 | B3 | 69 70
La| Ce| PrfMd| Pm| Sm| Eu| Gd| Th| Dy | Ho| Er| Tm| *h

B9 90| 91 )/ 92| 93| 94| 95| 96| 97| 96| 99 (100|101 [102
Ac| Thl Pal U | Mp)] Pul &m| Cm| Bk Cf| Es| Fm | td] Mo

* Lanthanoids ~©

= Actinoids e

ok | close |
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The Graphics Event Loop A

= The ROOT event handler supports:

= keyboard interrupts

= System signals

= X11, Xt, Xm events

= Sockets interrupts

= Special messages (shared memory, threads..)

= Foreign systems (eg Inventor, X3d..) can easily
be integrated in the ROOT loop.

= ROOT will dispatch the foreign events using Timers.

= Signals and Slots like in Qt
= Qt and ROOT can work together

EUSO The ROOT system 14



2-D Graphics £

= Basic primitives (lines, text, markers, box, polygones, fills)
= Graphs, annotators (pave, pavetext, pavelabel)

= LateX support (screen and PostScript)

= Graphics Editor

= Pad Graphics via abstract class TVirtualPad

= Basic graphics via abstract class TVirtualX

= (TGX11, TGWin32)
= TObject::Draw/Paint
= TObject::DistancetoPrimitive/ExecuteEvent

EUSO The ROOT system 15



Full LateX
support |

{ Born equation 'i

OonNn screen .
and 2s do ot . oz _ 1 |2 2
n =~ o2 dcnsB{e e =) 1-Ac e
pOS SCI‘lp

ol el
—Tare { =2 1(s) (613" (1 + cos ) + 2 Gag cost) | |

diagrams can

be 2[--&‘ ~e!  Af AF 2 e f e f ]
edited with + 16l y(s) " [(9, + 9v) (@ + 9 )(1+cos 6) + 8 g, 9, g, gcos 6

TCurlyArc
TCurlyLine
TWavyLine
and other building
blocks for
Feynmann

diagrams
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3-D Graphics A

= Basic primitives
= TPolyLine3D, TPolyMarker3D, THelix, TMarker3DBox, TAxis3D

= Geant primitives

= Support for all Geant3 volumes + a few new volume types

= TBRIK, TCONE,TCONS, TCTUB, TELTU, TGTRA, THYPE, TPARA, TPCON,
TPGON, TSPHE, TTUBE, TTUBS, TTRAP, TTRD1, TTRD2, TXTRU

= Rendering with:
= TPad
= X3D (very fast. Unix only. Good on networks)
= OpenGL
= Openlnventor (new addition in 3.01)

EUSO The ROOT system 17



ROOT + Openlnventor
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= An Apache Web-server plug-in module is being
developed (presented at FNAL workshop).

= Provides interactive access to ROOT files, CINT
macros and all the graphics. Web pages
generated on the fly.

= Interesting alternative to PHP using C++ as an
embedded scripting system with full access to
user classes dynamically

EUSO The ROOT system
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Apache plug-in TApache
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it Metscape: Source of: hitp:ffd-000631 -}, v.dhcp.fnal.govi~onuchinffar_muon_hithits root
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The Histogram Package

EUSO
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TH3C

EUSO

TH3S

TH3

TH3F

3-Dim |’

TH3D

The Histogram Classes

THIF

TH1
THIC TH1S
TH2
i '
2-Dim
THaC TH28

The ROOT system

THzF

TProtile

THzD

TProfile2D

23



=

Random Numbers and Histograms A

= THI1::FillRandom can be used to randomly fill an histogram using
1@~ = the contents of an existing TF1 analytic function

@@ = another histogram (for all dimensions).

= For example the following two statements create and fill an histogram
10000 times with a default gaussian distribution of mean 0 and sigma 1:

g TH1F h1("h1", "histo from a gaussian',100,-3,3);
1 h1.FillRandom("gaus',10000);

s [H1::GetRandom can be used to return a random number distributed
according the contents of an histogram.

EUSO The ROOT system 24
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Fitting Histograms with Minuit £

= Histograms (1-D,2-D,3-D and Profiles) can be fitted with a user specified function via TH1::Fit.
Two Fitting algorithms are supported: Chisquare method and Log Likelihood

= The user functions may be of the following types:
- standard functions: gaus, landau, expo, poln
- combination of standard functions; poln + gaus
- A C++ interpreted function or a C++ precompiled function

= An option is provided to compute the integral of the function bin by bin instead of simply
compute the function value at the center of the bin.

= When an histogram is fitted, the resulting function with its parameters is added to the list of
functions of this histogram. If the histogram is made persistent, the list of associated functions
is also persistent.

= One can retrieve the function/fit parameters with calls such as:
- Double_t chi2 = myfunc->GetChisquare();
- Double_t par0 = myfunc->GetParameter(0); //value of 1st parameter
- Double_t err0 = myfunc->GetParError(0); //error on first parameter

EUSO The ROOT system 25



File Edit ¥iew Options [nspect Classes Help

Lorentzian Peak on Quadratic Background | example 9 1
Hent =0

Mean = 1.56
RMS = 0.7277

90

80

70

Look at 60
= FittingDemo.C 50

= Unnamed Macro 0
s fitf.C %

20

= Named Macro
Run FittingDemo.C
More info on fitting:
http://root.cern.ch/root/html/examples/fitl.C.html
http://root.cern.ch/root/html/examples/myfit.C.html
http://root.cern.ch/root/html/examples/backsig.C.html

10
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Y(E)=a,+aE +aE? + Ap (I /2m/( (E-p)?+ (F/2)2)

Combining Functions

background lorenzianPeak
par[0] = a, par[0] = Ap
par[1] = a, par[1] =T
par[2] = a; par[2] = p

fitFunction = background (x, par ) + lorenzianPeak (x, &par[3])

par[0] = a,
par[1] = a,
par[2] = a,4
par[3] = A,
par[4] =T
par[5] =
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Drawing Histograms A

=  When you call the Draw method of a histogram for the first time
(TH1::Draw), it creates a THistPainter object and saves a pointer to painter
as a data member of the histogram.

= The THistPainter class specializes in the drawing of histograms. It is
separate from the histogram so that one can have histograms without the
graphics overhead, for example in a batch program. The choice to give
each histogram have its own painter rather than a central singleton painter,
allows two histograms to be drawn in two threads without overwriting the
painter's values.

=  When a displayed histogram is filled again you do not have to call the Draw
method again. The image is refreshed the next time the pad is updated.

= The same histogram can be drawn with different graphics options in
different pads.

=  When a displayed histogram is deleted, its image is automatically removed
from the pad.
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1-D drawing Options AL

Fitted value of par[1]=p1 | Mean = 0.4266 : .
RMS = 0.007 Any object in the canvas

is clickable and editable

........... +’ P Mean =0.1551
w RMS = 0.008494

220
200
180
160
140
120
100

L 8o

60

L~

40 20

2 : :
| ﬂ:l*_ﬁ L1l L1l | Lo | ﬂ_ ‘-:Ij:-h-l:-—__.:l-d-:.ﬂjl-:
-2 -1 0 1 2 3 4 5 6

L=
w

35

30

250

014 0145 015 015 016 0.165 0.17

200
my_ - mKE[GeV!c:?]

150
100

a0

1 1 1 1 | 1 11 1 | 1 1 1 | 1 1 1 1 | 1 1
0
4 3 2 1 0 1 2 3 4 29




1-D drawing Options A

Z-scaling o fDirect Photon Productions in pp Collisions at RHIC Energies

p-p
Direct v
g=90°

Ed ¥ fdq ?
(barn/Gev ?)

= \/s=63(GeV)
¥ \/s=200(GeV)
* /s=500(GeV)
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2-D drawing Options L

L | xwogaus + xygaus(5) + xandau(10) |

00 T
. R
3000

2507
200
150170
100+ LY

[ xygaus + xygaus(5) + xandau(1d) |

: LEGO |

All these
plots can be
rotated with
the mouse

PP |

| xygaus + xygaus(5) + xlandau(10) |

LEGO1

¥ygaus + xygaus(s) + xyandau(10) |

SURF1CYL
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2-D drawing Options

| xwogaus + xygaus(5) + xandau(10) |

400 .

350" :

300
2507
200
-

1001

SURF1

400, .
3504 -

300
2507
200
1507
100700

i
$

iy

AT A T o

R
Wy

| xygaus + xygaus(5) + xlandau(10) |

- SURFZZ I
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Data Bases: model-1 £

= Put everything in an Object Data base
= like Objectivity
= or Oracle 9i

= Choice of RD45 project

= Many experiments initially following this line

= Abandonned by most experiments recently
= Solution not suited for interactive analysis
EUSO The ROOT system 34




i Data Bases: model-2 £

= Put write-once data in an object store

« like ROOT in Streamer mode .

= Use a RDBMS for : ”
= Run/Event catalogs ROOT
= Geometry, calibrations mde

= eg with ROOT<->Oracle interface
= http://www.phenix.bnl.gov/WWW/publish/onuchin/rooObjy/

= or with ROOT <-> Objectivity interface
= http://www.phenix.bnl.gov/WWW/publish/onuchin/RDBC/

= Use ROOT split/no-split mode for data analysis

EUSO The ROOT system 35



ROOT + RDBMS Model A

O T T e

o R@QTr« ‘o f:'*‘(D"!;a’cle & _-. o
'r.;,'rh ﬂ.:.'!tt‘ f]léS;— __,,'-ﬂ.g.“e | ,."-'A':..,a_r - f""My-SQLF?: e ;r«.

. T .
AT s ] T o

_—
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ROOT working with Objectivity 4.

ROOT Introduction
Objecl}vity

This is library of ROOT wrappers around Objectivity base classes and functons,
s The Goals:
© Create a tool library which will allow the retrieval of data from Objy DB from a ROOT prompt.
© Provide the basis library for ROOT GUI PHENIX Database Browser

© The library was developed with hope it can be used inside PHEN I software framesvork
s The Status:

© More than 40 Objectivity classes were wrapped with 10k lines of code and filled with Objy docs, Including:

O Objectivity object handler and iterator classes, i.e. coHandle{ 2000, ool 200K
O Objectivity Active Schema classes
O Objectivity global funchons, constants ete,
© Compiled on Limux, Tested ++ more testing required. Mot ported to
s The library allows users to:
o connect to Federated database
O openup database
O iterate through databases/containers
© obtain descriptions of the classes in database
O refrieve persistent data for any object in the database

O ++ much more, interactively from ROOT

o

If vou have any comments aboud this page please send them fo Valersy Cnuchin 37



ROOT working with Oracle (2)

ROOT Introduction
ORACLE
«450 L . . . . :
o This library is a set of ROOT wrappers of ibodbe++ classes that provides an interface based on the JDBC APL
R e [t corresponds to JDBC-0ODBC bridge in Java terminology and makes it possible to do:
Introduction 1. establish a connecton from ROOT sesssion to any database for which ODBC driver available.
Demns & Tests 2. send 8QL statements.

lase Referance 3. process the results.

Dovenload & Install o Major differences between libodbc++ and EDBC:
o RDBC written according to ROCT coding convventons, Al method names begin with upper case letter,

o Since ROOT C++ interpreter {CINT) does not provide full support of namespaces, al RDBC classes have TSQL prefix, e.g.
TEQLEtatement corresponds to odbe!: Staterment ete.,

o Since ROOT C++ interpreter {CINT) does not provide full support of exceptions, Rt object communication mechanism is
used for excepdion Aandiing (see TSQL: SetHandler method).

o BDBC supprots

O TSQLEesultSet: GetObject
O TSQLEesultSet: UpdateObject
O TESQLPreparedStatement: SetOhject

methods which allow to writefread ROOT objects to/from database { see "Save Your Histos in Oracle Database!" example).

® We consider BDBC as alow-level APl and a base for higher—level interface betwween ROOT based offline enviroment of MINOS
experiment and Oracle database. New ROOT-RDBC based GUI tools for Oracle are comning, Stay tuned!
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ROOT 1/0 -~ Sequential/fiat

TMapFlle 3
TWebFile
@ eb serve

shared memory
TNetFlle

rootd

a8 serialiZ@daa®
by the Streamer
Streamer " No'need for
_ transmnt/persmtent
« ¢lasses /

TRFIOFile
RFIO daemon
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Streaming Objects

root [0] TFile micro("demo.root","new")

root [1] TH1F hg("hg","filled with a gaussian",100,-4,4)
root [2] hg.FillRandom("gaus",5000)

root [3] hg.Write

root [4] micro.Map()

20000511/092959 At:
20000511/093055 At:156

root [5] .q

EUSO The ROOT system
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File Miew Options

SRS
Help

£ afifast root j | 8p I— e | %l
| &1l Folders | Contents of "/ROOT Files/atifast root"
I Classes | & CircEvent & CircJets |4 CluCounters & CluDeitarhi | CluDeltaF
(] Glakbal Variakles | &4 CluEtaCh | rinbultip- R  Counter |d EleEta
(O Canwases | & EleMassae : | & EleMultHard
(] Geametries |da EleMultHard Root Obj_eCtS or & JetBEtaHard
gtnlnrs |da JetBN any User ObJeCt can be | JetEMultHard
Styles . .
Srnctons MCEIR stored in ROOT folders Lda JetBFirmin
JetCEt: it SF JetCMicic
(_IMetwork Cornectiors |k ( and browsed ) |k _
& JetCult LACFTHard | &g JetCPhiFSR
Clrﬂemnr!.r Mapped Files
|l ' R 00250 |ja JetERes4050 |da Jethasazi
() homerun/atifast
Il g Jethur | & JetTaulethuit A JetTaushult |da MisFTmissPTru  |Jg WisPTru
lda MisF¥missFinu g MisPing da MisFymissPynu g MisPyiu |dg MisRecPT
| A MisFiecPToels | A MisFiecPs A MisRecPicells  |Jg MisRecPy | A, MisFiecPveels
& MisFiesolPs | & MisFiesolF 0 |l MisResolPX100 |y MisResolP%200  |Jg MisFiesalP 325
B atifast:1 |da MisFesolPi300  |fg MisFesolP¥50  |j MuoCounter |44 MuoEta | &g Muohtass2mu
D,&.‘TLFast |k Muotass2musubst |k Muakaszdmu Lk Muakdult |k Muakdult Hard |k Muakult Hard|zol
|k Muakultlsal |k MuoPT Lk kuaPhi |k Ohlateness |k FhoCounter
|4 FhoE | &g PhoMassaoh |4 Photult | &4 PhoMultHard | &g ProtultHard ol
& FrioTheta T |15 |da Thrust | & Tramult
& TriContent | & TriCounter i TriMuonErfHigh  |ga TriMuonEffHighLow (Jatifast;!
85 Ohbjects. rauan trig eff. for high + lovw pT threshold




2F28 ROOT Object Browser = B X

File Wiew Qptions

Help

=T ~] ) E||_|
| &1l Folders | Contents of "../pippa.root/Di/CJ"
CIROOT Flles B

I__i_l---l:lpippa.r 1

da Lba Lda lda Lha e Lda [da B da 14 [0 & & &

k1D k10 hit;l hiZ1 k131 hidd KIS k161 ki1 k211 k221 k231 k21 k3l hddl

o

h3;1 k61 ke

Objects in directory
Ipippa/DM/CJ
eg:

A Root file pippa.roo /pippa/DM/CJIh15

with two levels of - 4
directories
N

[ 18 Mkiarta

[




lg_{}’/
LAN/WAN files A

= Files and Directories

= a directory holds a list of named objects
= a file may have a hierarchy of directories (a la Unix)
= ROOT files are machine independent
= built-in compression

= Support for local, LAN and
=« TFile f1("myfile.root")
= TFile f2("http://pcbrun.cern.ch/Renefile.root")

= TFile f3("root://cdfsga.fnal.gov/bigdfile.root™)
= TFile f4("rfio://alice/run678.root")

EUSO The ROOT system



Automatic Schema Evolution  ~

d

>
O

Shared Lo vl shorec Lo Shared Lipw? MOKePIojecT )’i;
M iss in i ~
A, g A, A
B, B =

o

File 1 File 2

A Ay A
B, B, B,
C, - @

Dl

1) An old version of a shared library and a file with new class definitions.
This can be the case when someone has not updated the library and is
reading a new file.

2) Reading a file with a shared library that is missing a class definition { i.e.
missing class D).

3) Reading a file without any class definitions. This can be the case where
the class definition is lost, or unavailable.

4) The current version of a shared library and an old file with old class

versions (backward compatibility). This is often the case when reading
old data.

5) Reading a file with a shared library built with MakeFProject. This is the
case when someone has already read the data without a shared library
and has used ROOT's MakeFProject feature to reconstruct the class
definitions and shared library (MzkeProject is explained in detail later
onj.
EUSO Ine KUU I system 44
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Auto Schema Evolution (2) 7

In case of a mismatch between the in-memory version and the persistent ﬁ,_*\
version of a class, ROOT maps the persistent one to the one in memory. This

allows you to change the class definition at will, for example:
1) Change the order of data members in the class.

2) Add new data members. By default the value of the missing member will
be 0 or in case of an object it will be set to null.

3) Remove data members.
4) Move a data member to a base class or vice —versa.

5) Change the type of a member if it is a simple type or a pointer to a simple
type. If a loss of precision occurs, a waming is given.

6) Add or remove a base class

Persistent In-memory

Cloes A v Closs Bl—(6k
int ———\@__
int b {2
Tlodar T
Wy Closs *e (4]

float o =&

_____,-—Fl"
Wy Clcss g — |
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i Self-describing files A

= Dictionary for persistent classes written to the
file.

= ROOT files can be read by foreign readers (JAS)
= Support for Backward and Forward compatibility
= Files created in 2001 must be readable in 2015

= Classes (data objects) for all objects in a file can
be regenerated via TFile::MakeProject

Root >TFile f("demo.root”);

Root > f.MakeProject(“dir”,”*”,”"new++");

EUSO The ROOT system 46



d it s
L

Why Trees ? A

= Any object deriving from TObject can be written to a file
with an associated key with object.Write()

= However each key has an overhead in the directory
structure in memory (about 60 bytes). Object.Write is
very convenient for objects like histograms, detector
objects, calibrations, but not for event objects.

—\ L kk

:\‘\/,\_

= = = = & NES_eT
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i Why Trees ? AL

= [rees have been designed to support very large
collections of objects. The overhead in memory is in
general less than 4 bytes per entry.

= Trees allow direct and random access to any entry
(sequential access is the best)

= Trees have branches and leaves. One can read a subset
of all branches. This can speed-up considerably the data
analysis processes.
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| Tree Creation Example

class TEvent: public TObject

THeader *fHeader;

TObjArray *fVertex;

TClonesArray *fTracks;

TTOF *TOF;

TCalor *fCalor;
main()
TEvent *event; ‘
TFile dst("demo.root","NEW");

TTree tree("T","Example of Tree"); -
Int_t split =1; /I or split=0 ®
tree.Branch("event", "TEvent", &event, split),
for (int ev =0; ev<10000;ev++) {

event = new TEvent(ev);

tree.Fill();
delete event;

}
dst.Close();
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Chains of Trees

= A TChain is a collection of Trees.

= Same semantics for TChains and TTrees
= root > .X hlchain.C
= root > chain.Process(“hlanalysis.C")

//creates a TChain to be used by the h1analysis.C class

//the symbol H1 must point to a directory where the H1 data sets
//have been installed

TChain chain("h42");
chain.Add("$H1/dstarmb.root");

chain.Add("$H1/dstarp1a.root"); : » . YL
chain.Add("$H1/dstarp1b.root"); Chain.Add(*$H1/dstar".root”);
(I

chain.Add("$H1/dstarp2.root");

EUSO The ROOT system
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Tree Friends ;L

==

fiend freel
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Tree version
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Tree entries
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The Tree Viewer & Analyzer

SR TreeViewer O X
Eile Edit Bun Options Help
Command Optian Histogram [htemp [T Hist [T Scan | Rec
| Current folder | Current tree : myTree
X —empty - ﬁ EventBranch ﬁ fTracks fhass2 ﬁ fhieasures[10]
Y -empty- 3 Mype[20] s fTracks fBx s TMatrix[]]
2 —empty - ﬁ fMtrack ﬁ fTracks . fBy ﬁ fClosestDistance
03;. —empty - ﬁ TMseq ﬁ fTracks fhean Charge
ﬁ' Scan bax ﬁ Thvertes ﬁ fTracks . frfirst
E<» —empty - ﬁ fFag ﬁ fTracks fxlast
E<» —empty - ﬁ fTernperature % fTracks . yfirst
E< —empty - 3 TEvtHor fEvtMum 3 fTracks fvlast
E¢ 3 —empty - 3 fEvtHr fRun 3 fTracks fZfirst
E¢ > —emipty - % TEvtHor fDate 5 fTracks fZlast
» —emnpty - Wf‘l’rzu:ks ﬁ fTracks fCharge
ﬁ fTracks.fPx ﬁ fTracks . Mvertex[3]
ﬁ fTracks TPy ﬁ fTracks fMpoint
E<» —empty - ﬁ fTracks TPz ﬁ fTracks . Malicd
E<» —empty - ﬁ fTracks.fRandom ﬁ fH
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El@l IList |

| Leaf : fTracks. ffirst
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Automatic Code Generators £

= Data sets can be analyzed by the same classes used to
store the data.

= However, one must be able to read the data without
these original classes. The classes may not be available
after some time.

= Root provides two utilities to gen

to read the data, still preserving th
types and the structure.

= | Iree::MakeClass
= | Iree::MakeSelector

a class skeleton
ibute names,
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TTree::MakeClass £

= tree.MakeClass("myClass”); generates two files: myClass.h and
myClass.C

= myClass.h contains the class declaration and member functions
code that is selection invariant.

= myClass.C contains an example of empty loop where one can insert
the analysis code

= Usage:
= root > .L myClass.C or .L myClass.C++
= root > myClass xx;
= root > xx.Loop();
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TTree::MakeSelector £

= tree.MakeSelector(*myClass”); generates two files: myClass.h and

myClass.C that can work in a parallel system like PROOF. The event loop is
not under user control.

= myClass.h contains the class declaration and member functions code that is
selection invariant.

= myClass.C contains the skeleton of 4 functions: Begin, ProcessCut,
ProcessFill, Terminate.

= Usage:
= root > tree.Process("myClass.C");
= root > chain.Process("myClass.C++");
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PROOF and GRIDs A

= The PROOF system allows parallel processing of chains of trees on
clusters of heterogeneous machines. Its main features are:

= Transparency, scalability, adaptivity

= A first prototype developed in 1997 as proof of concept (only for
simple queries resulting in 1D histograms)

= We are now implementing the system taking into the most recent

developments in the GRID middlewar~ —
oo - Tty FNAL, Bl
%

Tier 1 -

Tier2 ‘

Unib Labe =7

Department jﬁ —

: Desktop Qgé\g "Transparent”

nean arrcocc +tn
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ROOT/PROOF and GRIDs ~ #
(FAGDB) - Paramotr _ - — -

Procedure
\ PROOF Local

Proc.C CPU
Proc.C R emo te
Proc.C CPU
Proc.C CPU

roc.C CPU

EUSO The ROOT system 60



Parallel Script E

Local PC R

<—stdout/qbj
ana.C—>

$ root

root [0] .x ana.C

root [1] gROOT->Proof("remote”)
root [2] gProof->Exec(".x ana.C")

proof = master server
proof = slave server

EUSO

proof

<>

<>

The ROOT system

#proof.conf
slave nodel
slave node2 1
slave node3
slave node4

F Cluster

oof TFile

nodel

node2

node3

node4




i Summary A

= We are implementing a powerful system designed for
large scale data analysis with parallel architectures in a
GRID context.

= The ROOT system is a framework providing a coherent
object bus in DAQs, simulation, reconstruction and
analysis phases.

= We have learnt a lot in the past 6 years, also following
our 10 years of experience with PAW.

= Developing the system and at the same time supporting
a rapidly growing users base is a demanding but also
rewarding job.
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ROOT: an Evolving System £

= The ROOT system has been in continuous development
since 1995 surviving major changes, major
enhancements and an ever increasing number of users.

= Major developments must still be done to be ready for
the fantastic LHC challenge.

= In the same way that Root2001 is far from the original
Root1995, we expect that Root2006 will include many
contributions reflecting the continuous changes and new
ideas in the field of computing.

= This implies a strong cooperation between software
developers in the major experiments.

= Root is being developed in very close cooperation with a
cloud of software developers in small, medium and large
experiments. Computer scientists from non-HEP fields
are also contributing.
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ROOT Downloads

| ROOT distribution statistics

1999
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128,000 binaries %5']“”'13 f‘"i‘"““ -------- %ﬂﬂ.".mé:yzzu _______ mgggmmﬂfanm
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ROOT Users in the large experiments

ATLAS 133 WA98 25 LIGO 7

ALICE 120 BELLE 22 INTEGRAL 6

CDF 88 COMPASS 22 SNO 6

PHENIX 86 KLOE 19 CELESTE 5

CMS 85 ALEPH 18 HESS 5

STAR 82 OPAL 17 VIRGO 5

JLAB 77 AUGER 16

DO 70 MINOS 16

BABAR 69 NOMAD 16

Hl 48 BRAHMS 15

L3 43 GLAST 14

HERAB 37 AMS 12

NR4S 37 MM 12 Registered users
LHCB 35 NA48 11 :

DELPHI 34  AMANDA 10 in the ROOT system
ZEUS 32 cee

HADES 27

PHOBOS 27
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