ROOT 1I/0 Overview

CMS-ROOT meeting

CERN- October 10

René Brun
ftp://root.cern.ch/root/cns. ppt

http://root.cern.ch
http://root.cern.ch/root/ Root Doc. ht m

ROOT 1/0 Overview



Plan of talk

= Framework Structure
= The Object Dictionary and the rootcint tool
= Persistency basics:

Evolution of ROOT 1/0

Basic Object 1/0

CMS PSimHit example

File Structure

Streamers

Automatic Schema Evolution

= Special collection Classes
m [rees

Event example
PSIimHit example
Tree Friends
Chains

Folders

CMS 10 Oct Rene Brun ROOT 1/0 Overview



Motivations

ROOT 1/0 Overview



E

Towards the ROOT Framework £

Following our many years of experience with the development of the PAW

system, we decided in 1995 to start the design and the implementation of a
system capable of doing at least the same thing in an OO context, but also
to serve as a complete framework from data taking to data analysis.

During a few months, we learnt the basics ingredients of an OO system by
implementing several variants of an histograming package. We quickly
implemented a rudimentary I/O sub system and also some very basic
collection classes. It became rapidly clear to us that a more ambitious
persistency mechanism had to be developed.

There was no point in developing a system supporting only the PAW CWNs
in a world dealing with classes and complex object hierarchies. OODBMS
could have been the solution to our problem, but we were convinced that
the corresponding proposed commercial tools were not appropriate for a
flexible data analysis environment.
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Building a Modular System AL

Modularity is a buzzword with different meanings.. A modular system is sometimes
presented as a system with many small and independent components. In general such
systems do not have an object bus and the communication between the components is left
to the application using these components.

Systems with a deep hierarchy of components may be difficult to maintain because of too
many interdependencies between the top level and low level modules.

Is a system with well defined interfaces a modular system? Probably not, because too much
emphasis is put on the interfaces at the expense of the object bus. In such systems, the
interfaces may have long argument lists instead of well designed collections and object
folders.

An end user will see a system as modular if the structure is easy to understand, while a

system developer will put more emphasis on the maintenance aspects, probably the two
aspects being strongly related. A modular system can also be seen as a system easy to
integrate into another system.

After many iterations and user feedback, we have gradually
converged to the follow ng framework structure ==>
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cint
makecint
new
proofd
proofserv
rmkdepend
root
root.exe
rootcint
root-config
rootd

* Optional
Installation

bin

libCint.so
libCore.so
libEG.so
*|ibEGPythia.so
*|libEGPythia6.so
libEGV enus.so
libGpad.so
libGraf.so
libGraf3d.so
libGui.so
libGX11.s0
*libGX11TTF.so
libHist.so
libHistPainter.so
libHtml.so
libMatrix.so
libMinuit.so
libNew.so
libPhysics.so
libPostscript.so
libProof.so
*|ibRFIO.s0
*|ibRGL .so
libRint.so
*libThread.so
libTree.so
libTreePlayer.so
libTreeViewer.so
*|ibttf.so
libX3d.so
libXpm.a

$ROOTSYS

EditorBar.C
Ifit.C
analyze.C
archi.C
arrow.C
basic.C
basic.dat
basic3d.C
benchmarks.C
canvas.C
classcat.C
cleanup.C
compile.C
copytree.C
copytree2.C
demos.C
demoshelp.C
dialogs.C
dirs.C
elipse.C
eval.C
event.C
execl.C
exec2.C
feynman.C
fildir.C
file.C
fillrandom.C
first.C
fitl.C

fitl C.C

fitslicesy.C
formulal.C
framework.C
games.C
gaxis.C
geometry.C
gerrors.C
gerrors2.C
graph.C
hldraw.C
hadd.C
hclient.C
hcons.C
hprod.C
hserv.C
hserv2.C
hsimple.C
hsum.C
hsumTimer.C
htmlex.C
io.C

latex.C
latex2.C
latex3.C
manyaxis.C
multifit.C
myfit.C
na49.C
na49geomfile.C
nad9view.C
nad9visible.C

ntuplel.C
oldbenchmarks.C
pdg.dat
psexam.C
pstable.C
rootalias.C
rootenv.C
rootlogoff.C
rootlogon.C
rootmarks.C
runcatalog.sql
runzdemo.C
second.C
shapes.C
shared.C
splines.C
sqlcreatedb.C
sqlfilldb.C
sqlselect.C
staff.C
staff.dat
surfaces.C
tcl.C
testrandom.C
tornado.C
tree.C

two.C
xyslider.C
xysliderAction.C
zdemo.C

Aclock.cxx
Aclock.h
Event.cxx
Event.h
EventLinkDef.h
Hello.cxx
Hello.h
MainEvent.cxx
Makefile
Makefile.in
Makefile.win32
README
TestVectors.cxx
Tetris.cxx
Tetris.h
eventa.cxx
eventb.cxx
eventload.cxx
guitest.cxx
hsimple.cxx
hworld.cxx
minexam.cxx
Stress.cxx
tcollbm.cxx
tcollex.cxx
test2html.cxx
tstring.cxx
vlazy.cxx
vmatrix.cxx
VVECLOr.Cxx
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The Libraries Jﬁ

Over 500 classes

650,000 lines of code

Core (5 Mbytes)

CINT (1.5 Mbytes)

All libs (17 Mbytes)

green libs linked on demand



Root Libs Structure £

= Root libs are a layered structure

= CORE classes always required (support for RTTI, basic
/0 and interpreter.

= The application libraries. You load only what you use.
Separation between Data Objects and the high level
classes acting on these objects. Example, a batch job
uses only the Hist lib, no need to link HistPainter.

= Root shared libs reduce the application link time.
= Root libs are small libraries.
= Root libs can be used with other class libraries.
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* Dynamic Linking '

0

[

A Shared Library can be linked dynamically
to a running executable module

A Shared Library facilitates the development
and maintenance phases

User
libraries

/

Dynamic linking from Shared libraries

The "standard” ROOT executable module can dynamically
load user's specific code from shared libraries.

Root > gSystem->Load("libNA49")
Root > gSystem->Load("libUser")
Root > T49Event event

Root > event xxxxxxx

‘/‘ ROQT Shared libraries I

RSl NA49 Shared libraries |
executable '\
\

User Shared libraries I
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The ROOT Object Dictionary
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The CINT RTTI ’a

The Run Time Type Information provided by CINT (rootcint)

is the brain of Root. rootcint can be used to parse user classes
and considerably extend the power of Root.

RTTI is used by the 1/0 services

By definition the Interpreter is based on it.

The GUI object context sensitive menus also.

Also Browsers, Inspectors and html generator
also Root utilities to draw class diagrams

rootcint can be used to parse user classes such that user class
functions can be called interactively and code for 1/0 generated
automatically.
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Rootcint Preprocessor *

= £ . 5
o & UserCint C

L UserClassl.h C++ code

to create
the RTTI

Interface for
@ CINT interpreter
Streamers
& 5
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Framework: Basic components

/ Lib3 RTTI: Objects Dictionary
[
/ Lib2 RTTI: Objects Dictionary —
T h
Lib1 RTTI: Objects Dictionary —_—
h
Input/Output User Interface
Stream Split mode BEIt:cih )
full Branches Interpreter .
object Attributes GUI
Shared Memory Event Loop
Sockets Keyboard, Mou-
Local data base Sockets,

T Any User class library
with the RTTI info
can be plugged into
a ROOT executable

and its functions

High Level Components called interactively
2-DB3-D graphics, Viewvers, Browsers, Inspectors, Doc toc -
idem for 1/O

Remote data base

Gateways (Corba, RML,..)

Histogramming, Minimisation, Ntuples, Trees

Containers, Event iterators, Selectors



Object Persistency
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Hi st ogr ans

Nt upl es
Tr ees

Local
Event
Store
Di stri but ed
Event
Store
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* ROOT + RDBMS Model /f;

A R@QTm = *"“G'mc]e Wiee
P I,.,.i.’f‘“ fJIHSJ" h ﬂm o ;»'MySQL"’?‘

- ] o 18 -
“-'H. £ e ': L JJ-L':"I .. - “-'H. £ ': JJ-L':"I ._ -

~—~_ Event Store —

‘ [ ]

[ I I e
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|ldeal Persistency

Remote
access

ranularity

matching
access

patterns
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Evolution of ROOT 1/0

= Hand-written Streamers

= Streamers generated via rootcint
= Support for Class Versions

= Support for ByteCount

= Several attempts to introduce automatic class evolution
m Persistent class Dictionary written to files

= rootcint modified to generate automatic Streamers

m can generate code for “DataObjects” classes in a file
s Support for STL and more complex C++ cases

s Trees take advantage of the new scheme

= Can read files without the classes

m Persistent Reference pointers = New * 2.0

1995

3.00

3.01

2001
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* ROOT 1/0 : An Example

TFile f("“exanple.root”);
THLF *h = (THLF*)f. Get(“h"):

h->Draw() ;

f. Map();

T~

20010831/ 171903
20010831/ 171941
20010831/ 171946
20010831/ 171946
20010831/ 171946
20010831/ 171946

At :
1154
At :
At :
At :
At :

At

140

100

64

607

2971
3067
3123
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N=90
N=453
N=2364
N=96
N=56
N=1

@«
[=]
\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\l\

h

Nent = 5000
Mean = -0.0166
RMS =0.9607

L’O

TFil e

THLF CX
Streamer | nfo CX
KeysLi st

Fr eeSegnent s

END

non
e
N
o1
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Example with CMS classes A

= In the following slides we will use the CMS simulation classes
PSimHIit, etc.

= Classes suggested by Vincenzo as exercise.

= Goal: No changes in the class model
= Minor changes in the header files to make these classes ROOT-aware

= Examplel: How to generate the dictionary
= Example2: How to write PSimHit objects to a ROOT file (and read)
= Example3: How to write PSimHit objects to a Tree (and read)

ftp://root.cern.ch/root/cnsdeno.tar. gz
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n |
PSimHit.h
‘ #i ncl ude "Local Point.h"
#i ncl ude "Local Vector. h"
=== #include "TObject.h"
[

class DetUnit;

class PSinHit
public:

public TObject ({

PSimHi t() : theDetUnitld(-1) {}

#include "LocalTag.h"
#include "Point2DBase.h"
#include "Point3DBase.h"

typedef Point2DBase< float, LocalTag> Local2DPoint;
typedef Point3DBase< float, LocalTag> Local3DPoint;

/I Local points are two-dimensional by default
typedef Local3DPoint LocalPoint;

PSi nHi t ( const Local 3DPoi nt& entry, const Local 3DPoint& exit,
float pabs, float tof, float eloss, int particleType,

int detld, unsigned int trackld)
theEntryPoint ( entry), theExitPoint(exit),

fl oat pabs() const {return thePabs;}

fl oat tof () const {return theTof;}

f | oat ener gyLoss() const {return theEnergylLoss;}

i nt particl eType() const {return theParticleType;}

i nt det Uni t1d() const {return theDetUnitld;}

unsi gned int trackld() const {return theTrackld;}
private:

/| properties

Local 3DPoi nt t heEnt r yPoi nt ; /'] position

Local 3DPoi nt t heExi t Poi nt ;

fl oat t hePabs; [/ nmonmentum

fl oat t heTof ; [l Time O Flight
fl oat t heEner gyLoss; /'l Energy | oss

i nt theParticl eType;

/| association
int theDet Uni tld;
unsi gned i nt t heTr ackl d;

Cl assDef (PSinHi t, 1)
b

CMS 10 Oct Rene Brun
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Point3DBase.h

“m #i ncl ude "PV3DBase. h"
#i ncl ude " Poi nt 2DBase. h"
#i ncl ude "Vect or 3DBase. h"
#i ncl ude "TCOhj ect. h"

tenpl ate <class T, class FraneTag>
cl ass Poi nt 3DBase : public PV3DBase< T, PointTag, FraneTag> {
public:

t ypedef PV3DBase< T, PointTag, FraneTag> Based ass;
t ypedef Vector3DBase< T, FraneTag> Vect or Type;
t ypedef Basi c3DVect or <T> Basi cVect or Type;

Poi nt 3DBase() {}

Poi nt 3DBase(const T& x, const T& y, const T& z) : Based ass(x, y, 2z)
{}

assDef T( Poi nt 3DBase, 1)

}
G assDef 2T2( Poi nt 3DBase, T, FraneTag)
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Point3DBase.h

#i ncl ude "Basi c3DVector. h"
#i ncl ude <i osfwd>
#i nclude "TObj ect. h"

tenpl ate <class T, class PVIype, class FranmeType>

cl ass PV3DBase ({
publ i c:

t ypedef Basi c3DVect or <T> Basi cVect or Type;

Pv3DBase() : theVector() {}

Pv3DBase(const T & x, const T &y, const T & z) : theVector (X,
PVv3DBase( const Basi c3DVector<T>& v) : theVector(v) {}

T x() const { return basicVector().x();
T y() const { return basicVector().y();
T mag2() const { return basicVector().nmg2();
Tr() const { return basicVector().r();

Basi cVect or Type& basi cVector () {

private:
Basi cVect or Type t heVect or;

Cl assDef T( PVv3DBase, 1)
b

return theVector;}

Cl assDef 3T2( Pv3DBase, T, PVType, FraneType)

CMS 10 Oct Rene Brun
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Basic3DVector.h

#i ncl ude "Basi c2DVector. h"
#i ncl ude <i osfwd>

#i ncl ude <cmat h>

#i ncl ude "Toj ect. h”

tenplate < class T>
cl ass Basi c3DVector {

publi c:
[/l default constructor
Basi c3DVector () : theX(0), theY(0), thezZ(0){}

Basi c3DVect or ( const T& x, const T& y, const T& z)
theX(x), theY(y), thez(z) {}

T x() const { return theX}
T y() const { return they;}
T z() const { return theZz}

private:
T theX;
T t hey;
T t hez;

Cl assDef T( Basi c3DVect or, 1)

}
Cl assDef T2( Basi c3DVect or, T)
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Running rootcint on PSimHit.h
Building the shared lib

rootcint -f Dict.cxx -¢c PSinH t.h Li nkDef.h

g++ -fPIC -1 $ROOTSYS/ i ncl ude -c¢ Dict. cxx

g++ -fPIC -1 $ROOTSYS/ i nclude -c PSinHi t. cxx
g++ -shared -g PSinH t.o Dict.o -o libH t.so

#pragma link off all globals;

#pragma link off all classes; Li nkDef

#pragma link off all functions;

#pragma link C++ class LocalTag+;

#pragma link C++ class PointTag+;

#pragma link C++ class VectorTag+;

#pragma link C++ class Basic2DVector<float>+;

#pragma link C++ class Basic3DVector<float>+;

#pragma link C++ class PV2DBase<float, VectorTag, LocalTag>+;
#pragma link C++ class PV2DBase<float, PointTag, LocalTag>+;
#pragma link C++ class PV3DBase<float, VectorTag, LocalTag>+;
#pragma link C++ class PV3DBase<float, PointTag, LocalTag>+;
#pragma link C++ class Vector2DBase<float, LocalTag>+;
#pragma link C++ class Vector3DBase<float, LocalTag>+;
#pragma link C++ class Point2DBase<float, LocalTag>+;
#pragma link C++ class Point3DBase<float, LocalTag>+;
#pragma link C++ class PSimHit+;

CMS 10 Oct Rene Brun ROOT I/0 Overview
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Writing CMS PSImHIt objects

voi d denmol() {

}

[/ create a new ROOT file
TFile f("denpl.root","recreate");

//Create a PSinHt with the default constructor
PSinH t hi;

[IWite it to the file with the key nane hitl
hl. Wite("hitl");

/|l Create a normal PSinHit with the entry and exit point
Local 3DPoi nt pentry(1, 2, 3);
Local 3DPoi nt pexit (10, 20, 30);

fl oat pabs = 41;

fl oat tof = 1.67e-8;
fl oat el oss = 5. 78e-3;
I nt pType = 12;

I nt detld = 67;

I nt trackld = 1234;

PSinmHi t h2(pentry, pexit, pabs, tof, el oss, pType, detld, trackld);

/[IWite it to the file with the key nane hit2
h2. Wite("hit2");

CMS 10 Oct Rene Brun ROOT 1/0 Overview
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Reading CMS PSIimHit objects

voi d denp2() {

// connect the ROOT file denpl.root in readonly node
TFile *f = new TFi |l e("denol. root");

|/ Read hit2
PSinmHt *hit = (PSinH t*)f->CGet("hit2");

[/ print some hit nenbers

cout <<" Xl= "<<hit->entryPoint().x()
<<" Y2= "<<hit->exitPoint().vy()
<<" pabs= "<<hit. pabs()<<endl;

del ete hit;

/1 Open the ROOT browser and inspect the file
new TBrowser;

/[/click on "ROOT files", then "denpl.root", wth the
[lright button, select nenu itens "lnspect”, "DrawC ass"
//on hit2

CMS 10 Oct Rene Brun ROOT 1/0 Overview
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| ] u 2
Browsing the file
| 2B=) ROOT Object Brovser - B X
Eile ¥iew Options Help
Ia demal.root j EEITE' e fE
| &1 Folders |Contents of "YROOT Files/demal raot"
[(root [t ;1
. " " momefrunirootemziems oot

root [0] TFile f("denol.root") [Sremekrnkootmztmroo

root [1] TBrowser b >

root [2] f.ls();

TFile* ¢ demol.rOOt |2 Ohiects, 1 selected. | -
KEY: PS!mH!t h!tl’l 20011008/ 091050 At: 64 N=86 TFil e
KEY: PSimHit hit2;1 20011008/ 091050 At : 150 N=128 KeysLi st
Address = 278 Nbytes = -27 G A P:
root [3] f.Map(); p  20011008/091050 At :305 N=140 PSi mHi t
' 20011008/ 091050 At : 445 N=140 PSi nHi t
20011008/ 091050 At: 585 N=952 Streanerinfo CX = 2.66
root [4] hit2. Dunp(); 20011008/ 091050 At : 1537 N=64 Fr eeSegment s
’ 20011008/ 091050 At: 1601 N=1 END
t heEnt r yPoi nt ->874a0lc  position
t heEnt ryPoi nt . t heVect or ->874a0lc

theEntryPoi nt.theVector.theX 1

t heEnt ryPoi nt . t heVector.theY 2

t heEntryPoi nt.theVector.thez 3

t heExi t Poi nt ->874a030
t heExi t Poi nt .t heVect or ->874a030
t heExi t Poi nt.theVector.theX 10

t heExi t Poi nt.t heVector.theY 20

t heExi t Poi nt. t heVector. t heZ 30

t hePabs 41 nmomrent um

t heTof 1. 67e-08 Time O Flight

t heEner gyLoss 0. 00578 Ener gy | oss

theParticl eType 12

theDetUnitld 67

t heTrackl d 1234

f Uni quel D 0 obj ect unique identifier
fBits 50331648 bit field status word
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ROOT 1/0 -- Sequent/a//F/at( | PET Obj-éig

TMapF|Ie >
TWebFile
% eb serve

shared memory
«M* TG

rootd

a8 serialzeda s a®™
e by the Streamer -
Streamer “Norneed for = -~
4 tran3|ent/perS|Stent
2% @ Classes /

TRFIOFile
RFIO daemon
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All what you
need to known

to navigate
_ - in a ROOT file
ROOT File description
| b | b
2% |£2| Object 28 fed &2 25
E% %i bjec = tec g% %E ............
Jr H*-hq_ﬁh | ."T‘ ‘_“'-m_q__hhq_ |— _________
fBEGIN fEND
File Header Logical Record Header (TKEY)

“root™: Root File ldentifier

fVersion: File version identifier

fBEGIN: Pointer to first data record

fEND: Pointer to first free word at EOF
fSeekFree: Pointer to FREE data record
fNbytesFree: Numhber of bytes in FREE
fNfree: Number of free data records
fNbytesName: Number of bytes in namei/title
fUnits: Number of bytes for pointers
fCompress: Compression level

fTitle; title of the gbi

fNbytes: Length of compressed object
fVersion: Key version identifier

fObjLen: Length of uncompressed object
fDatime: Date/Time when written to store
fHeylen: Number of hytes for the key
fCycle : Cycle number

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




[y
Eile  View Options

[ .
Help

£ atlfast root J -| By I b - EE| |
| All Folders | Contents of YROCT Files/atifast root"
[ Classes |da CircEvent |da CircJets & CluCounters |da CluDettaPhi & CluDeitaR
| Glnkal ‘Variables | &4 CIuEtaChy | rinbuttiphe = “aunter | A EleEta
() Carvases |da EleMassze - |da EleMultHard
5 Coomet R r
[ JoBu e |da EleMultHarc oot Obj_eCtS 0 |da JetEEtaHard
:T]I:nlnrs |da JetEM any User ObjeCt can be |da JetEMutHard
[_]5tyles . .
Srretion [da JetBFT: stored in ROOT folders [da, JetBRmin
JetCEt: JWLCr SR JetCMicic
I Metwork Connections |k ( and brOwsed ) |k _
|da JetChult LACFTHard | & JetCPRiFSR
[_IMemary Mapped Fles , .
m | | a5t CRmn 00250 g JetERes4050 | A Jethass2i
[_Jhomebrunfatifast ,
BRROOT Fies | g Jethiuit | &g JetTauwlethult A JetTaushult lda MisPTmissPTru  |Jg MisPTru
e A MisPrmissPron g MisP Ry da MisPymissFynu g MisPing |da MisFecFT
| & MisFecFTeels | &g MisFiecPs |l MisRecFicells  |Ja MisRecPy |da MisFiecPveels
75 |da MisFiesolP s | da MisFiesolF 0 lia MisFesolFH100  |Jg MisFesolPX200  |Ja WisFiesolP 525
[ Jatifast:1 |da MisResolP®300  |fg MisResolPES0 | MuoCounter |4 MuoEta |da Muahass2mu
ilaﬁaTLFast |k Muotass2rusubst |k Muo hazsdmu Lk Pfuc ult Lk Mo kult Hard |k Pluc kult Hard [sol
|k Muokultlzol |k MuoFT Lk tuaFPhi Lk Oblateness |k PhoCounter
& FhoE | &, FhoMass2ph i Photult | & Fhotult Hard | &, FhoMultHardlsol
& FhoTheta [T #|T5 |4 Thrust |da Tratuit
& TriContent | & TriCounter |l TriMuonEffHigh | TriMuonEffHighLow (Catifast;1
85 Ohiects, rion trig eff. for high + low pT threshold




ROOT File/Directory/Key description

fFree = TList of free blocks

First:Last

First:Last >

fKeys = TList of Keys

Key0

fListHead = TList of Obhjects in memory

-

Key 1 g

fModified: True if directory is modified
fWritable: True if directory is writable
fDatimeC: Creation Date/Time
fDatimeM: Last mod Datel/Time
fNbytesKeys: Number of bytes of v
fNbytesName ;. Header length 1~
fSeekDir: Start of Directory

SubDir

Key0 |—

- \

- 4

]

be)Ees: Size of compressed Object
fObjLen: Size of uncompressed Object
fDatime: Date/Time when written to store
fKeylen: Number of bytes for the key
fCycle : Cycle number

fSeekKey: Pointer to Object on file
fSeekPdir: Pointer to directory on file
fClassName: 'TKey'

fName: Object hame




2F28 ROOT Object Browser < F X

File  Miew Qptions Help
& ~| & [ee mEE

| &1l Folders | Contents of " fpippa. oot DkAC 1"

CIROOT Flles |

I?_l---lzlpippa.r ot

da Lda Lda e e e e [l B 4 L L0 © B &

hiD RIDT ki1 K120 hI31 k141 RIS k16T ki K210 k221 k231 k21 k31 hdd

o ]
AT @ @
hS:1

el h7l

Objects in directory
Ipippa/DMICJ
eg:

A Root file pippa.roo [pippa/DM/CJI/h15
with two levels of - 4

directories

i

Ii-‘".-'



&7

See Fons
tal k

* L AN/WAN files

= 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 lles
= TFile f1("myfile.root")
= TFile f2("http://pcbrun.cern.ch/Renefile.root")

= TFile f3("root://cdfsga.fnal.gov/bigfile.root")
= TFile f4("rfio://alice/run678.root")
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Streaming Objects
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Old Streamers in 0.90 (1996)

Evolution illustrated with the ROOT class TAXxis

TAXi s. h

D ct. cxx

class TAxis : public voi d TAXi s:: Streaner (TBuffer &b)
TNamed, {
publ i ¢ TALtAXi s if (b.1sReading()) {

_ Version_t v = b. ReadVersion();
privat e: _ TNaned: : St reaner (b) ;

I'nt _t f Nbi ns; TAt t Axi s:: Streaner (b);

FI oat _t f Xm n; b >> f Nbi ns;

Fl oat _t meax; b >> fXm n;

TArr ayF f Xbi ns; b >> f Xmax:

f Xbi ns. St reaner (b);
} else {

b. WiteVersion(TAxi s::I1sA());
TNaned: : St reaner (b);
. TAtt Axi s: : Streaner (b);
rootcint b << fNbi ns;
b << fXm n;
b << f Xmax;
TBUFF6r. b: f Xbi ns. Streaner (b);

obj ect. Streaner (b); }

CMS 10 Oct Rene Brun ROOT I/0 Overview
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Old Streamers in 2.25 (1999)

voi d TAxis:: Streamer (TBuffer &b) {
Unt t R_s, R _c;
if (b.lsReading()) {
Version_t v = b. ReadVersion(&R s, &R c);

cl ass TAXI S _ publ i ¢ TNanmed, TNaned: : St r eaner (b) ;
public TAtt Axis { TAtt Axi s: : Streaner (b);
b >> fNbins;
private: b >> fXmin;
. . b >> f Xmax;
Int_t be! n_S’ f Xbi ns. St reamner (b) ;
Fl oat t f Xm n; —> if (v >2) {
Fl oat t f Xmax; b >> fFirst;
TArrayF f Xbi ns; b >> flLast;
I nt _t fFirst; _}f v 3 g
. i v
Int _t ngst , . —> b >> fTi meDi spl ay;
TString fT! rrerr mat ; f Ti meFor mat . Streaner (b);
Bool _t f Ti meDi spl ay; } else {
Set Ti meFor mat () ;
}
—» b. CheckByteCount (R_s, R_c, TAxis::IsA());
} else {

—» R _c = b.WiteVersion(TAxis::1sA(), kTRUE);
TNamed: : Streamer (b);
TAtt Axi s:: Streamner (b);
b << f Nbi ns;
b << fXm n;
- b << f Xmax;
rOOtCInt f Xbi ns. St reaner (b);
b << fFirst;
b << flLast;
b << fTi meDi spl ay;
f Ti meFormat . St reaner (b) ;
> b. Set Byt eCount (R_c, KTRUE);
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Problems with Old Streamers £.

= EXxperience in several large experiments has shown that a system
based only on automatic code generation with no support for
schema evolution is not a long term solution. A huge maintenance
problem.

= In a system with several hundred (thousand) classes and as many
users, it is difficult to maintain coherent shared libs to support all
possible combinations when accessing collections of old data sets.

= A few attempts (eg in STAR) to support automatic schema evolution
seen as a progress, but not sufficient.

= We have seen a rapidly growing request for reading data sets
without having the original classes.

= Backward compatibility (reading an old data set with new classes) is
a must. Forward compatibility (reading a new data set with old
classes) also a must.
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* The ROOT solution ,ﬁﬂ

Minimize reliance on generated code.
= Exploit the powerful CINT Object Dictionary

= Make the process as automatic as possible and as simple as
possible.

= Be as efficient as with the generated code.
= Self-describing data sets.

= Come with a solution that does not prevent the move to another
language in the future.

= Back compatibility with the original system.
= Like upgrading the engine in a running car
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New Streamers in 3.00

cl ass TAxi s :

public TAttAxis { voi d TAxis:: Streaner(TBuffer &b)
{
privat e: /1 Stream an object of class TAxis.
I nt _t f Nbi ns;
Doubl e _t f Xmi n; i f (b.lsReading())
Doubl e t f Xmax: TAXi s:: Cl ass() - >ReadBuffer(b, this);
TArrayD f Xbi ns; el se
Char t *f Xl abel s: /]! TAXi s::Class()->WiteBuffer(b,this);
I nt _t fFirst; }
I nt _t f Last;
TString f Ti meFor mat ;
Bool _t f Ti meDi spl ay;
Toj ect *f Par ent ; /1)
rootcint
CMS 10 Oct Rene Brun ROOT 1/0 Overview
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Support for more complex C++

enum {kSi ze=10};

char f Type[ 20] ;
I nt t f Nt rack;
Int t f Nvert ex;
Int_t f X[ kSi ze] ;
U nt t f Fl ag;
Fl oat _t fMatrix[4]][4];
Fl oat _t *fDi stance;
Doubl e _t f Tenper at ur e;
TString *fTstringp;
TString f Nanes[ 12] ;
TAXi s f Xaxi s;
TAXi s f Yaxi s[ 3] ;
TAXi s *f Vaxi s[ 3] ;
TAXi s *f Paxi s;
TAXi s **f Qaxi s;
TDat i e f Dati ne;
Event Header f Evt Hdr ;
TCObj Array f Cbj Array;
Td onesArray *fTracks;
TH1F *f H;
TArrayF f ArrayF;
TArrayl *fArrayl;
............. . (see next)

CMS 10 Oct Rene Brun

[larray of 20 chars

/ I nunmber of tracks

/ I nunber of vertices

/lan array where dinension is an enum

/1bit pattern event flag

/la two-di marray

[I[fNvertex] array of floats of length fNvertex
[/ event tenperature

[1[fNvertex] array of TString

[larray of TString

/I exanpl e of class derived from TObj ect
/larray of objects

[/l pointer to an array of TAXis

/[l1[fNvertex] array of TAxis of length fNvertex
[l1[fNvertex] array of pointers to TAXis objects
//date and tinme

/| exanpl e of class not derived from TQbj ect

[/ An object array of TCObject*?

[l-> array of tracks

[]-> pointer to an histogram

/lan array of floats

/la pointer to an array of integers

ROOT I/0 Overview
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Support for STL

vect or <i nt > fVectorint; /| STL vector on ints

vect or <short > f Vect orshort; /| STL vector of shorts

vect or <doubl e> fVectorDf 4]; [larray of STL vectors of doubles
vect or <TLi ne> f Vect or TLi ne; /|| STL vector of TLine objects

vect or <T(hj ect > *f Vect or Tobj ect ; /|| pointer to an STL vector

vect or <TNanmed> *fVectorTnaned[6]; //|| array of pointers to STL vectors
deque<TAttLi ne> f Deque; /| STL deque

| i st<const TObj ect*> fVector Tobjectp; [//STL list of pointers to objects
list<string> *fListString; [/ STL l'ist of strings

list<string *> fListStringp; [/ STL list of pointers to strings
map<TNaned*, i nt > f MapTNanedp; /| STL map

map<TString, TLi st*> f MapLi st ; /| STL map

map<TAXxi s*, i nt> *f MapTAXi sp; [/l pointer to STL map

set <TAxi s*> f Set TAXi s; /| STL set

set <TAXi s*> *f Set TAXi sp; /I pointer to STL set

mul ti map<TNanmed*,int> fMiltiMapTNanedp; //STL nul ti map

mul ti set <TAXi s*> *fMulti Set TAXi sp; [//pointer to STL nultiset

string fString; /] C++ standard string

string *fStringp; [/ pointer to standard C++ string
UShor t Vect or fUshort; //class with an STL vector as base cl ass
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! Complex STL use not supported&i
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The ROOT Collection Classes fi

Al l

ROOT col | ecti ons support Pol ynorphi sm

-TCol I ection (abstract base cl ass)
-TSeqCol | ection, TList, THashLi st

-TMap, TExMap

Tbuf f er b;

- TQoj Arr ay

col l ection. Streaner(b);

TCl onesArray iIs a specialized
collection for arrays of objects of the
sanme cl ass.

It mnimzes the overhead due to
new del ete. Much nore efficient than
STL for 1/0O (see next slides)

TRef Array is an optim zed coll ection

for

See exanpl e Event

persi stent reference pointers.
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The Test suite “bench”

(example on fcdfsgi2 with KAI compiler)

= Test performance of STL vector of objects, vectors of pointers and
same with a TClonesArray of TObjHit deriving from THit

ok ok ol ol ok okt gl ol okt okt gl ol okt okt gl okt ok gk ol ok okl ol ok okt ok ok okt gl okt okt gl gl ok ol gl ok ok ok ok ke ok okl ot okl ol okt ok gl okt obr ok ok ok okl ol okt okl ol okt ok gk ol okt ok

* Time to fill the structures (seconds) Reference oX Reference *

ke ooke ok ok ok ok ok ok ok okl ke sk ok okt ok okl e ook ok ol ol ol ke okookooke ok ok ol alonkookooke ok ok ot skl ooke ok ok okt ke kool koo ot oo ol ol ke nke ok okt oo ok ol ke nke ok okt okt ok ol ke ke ok ok okt ok ol

* yactor<THit> 2.16 1.91 4.57 4.57 £

* yecbor<THit*= 2.36 1.86 4.56 4.57 *

* TClonesArray(TObjHit) 1.98 1.62 b.17 b.76 *

* TClonesArray({TObhjHit) split 1.98 1.62 b.76 6.75 2 i
KKKKKKKKKKKKK¥£KKK1KKK1ﬂﬂgﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂchchchchchchchchchchchchchchchKK*KKKKKKKKKKKKKKKKKKKKK Better Corrpr eSSI On
* Size of file in bytes comp 0 Reference comp 1 Reference  * with Td onesArray
okt e okt ke gl okt e ot b gl okt ke ot b gl okt e okt b gl okl ok b gl okl okt ok gl okt ool ok gl okt gl ok gt okt ook ok gk ol ok ok ok kel o gl ok ke gl okl okt e gl ok e okt b gl ok okt ke gl okt e okt ke gk ok

* yector<THit=> 42053031 420563031 9213642 9213459 £

* yecbtor<THit*= 42079941 42079941 9220556 9215935 *

* TClonesArray(TObjHit) 39807325 39807325 5878130 5892837 =

* TClonesArray{TObjHit}) split 39807325 39807325 L890726 5901163 2

b b b ol o R pho Db b ol ol o pho pbo Db b ol ol o oho oho Db ob ol ol ko ok ok Dk b ok ol ok o D Dk ok ko o ol o oo ok ok b o ok okl oo gk b b ol ol o oo oo Do Db ol ol oo oo Do Db ol ol ko oo ok Do Db ok ok

* Time to write in seconds comp 0 Reference comp 1 Reference 2

ok ok ok ol ok ok oo ok ol ok ok obo ok ol ook ok ok ok R ok ok okcookc ok ol koo ook ok ot o oo ok ok ok ok ke koo ok ok oo oo ol ol o ok oo oo ol ol ok ok ok okt ok ol ok ok okt ok ok

* wector«<THit> 2.63 1.74 9.34 9.58 b )

* vector<THit*> 2.417 1.80 9.44 9. 62 & Better wite

* TClonesArray({TOhjHit}) 1.33 1.60 5.45 132 = .

* TClonesArray(TObjHit) split 1.23 1.51 5.46 6. 18 : wi th TA onesArray

Eo A R A R R R A A A R R

* Time to read in seconds comp 0 Reference comp 1 Reference 2

ok ok ok ol ok ok ok ok ol ko ok ok obo ok ol ok ok ok ok ok R ok ok ok ok ok ol ok ook ook oM o o oo ok ok ob ok ke ko oo ok oo oo ol ol o ook oo ol ol ok ok oo ok ol ok ok okt ok ok

* wector<THit=> 3.03 2.29 .24 3.67 £

* yector<THit*> 3.01 2.10 4.28 3.27 £

* TCloneshArray(TObjHit) 1.34 1.53 1.88 2.14 £t

* TClonesArray(TObjHit) split 1.35 1.35 1.68 1.94a Much better read
P R RS ER RS EEEEE R EEEEEEESEEEEEEEEEEEEEEEEEENEEEEEEEREEEEEEEEEEEEEEE .

* Total CPU time 82.14 76.33 * w th Td onesArray
* Estimated ROOTHARKS 185.85 200,00 2

bbb koo ok phoopbo b ol oo ohoophoopbo b ol ko ok ok obo b ol R oR ok ook ok ohc o odookoooRookooh ok o o phoop oo ob ob b o ohooh ko oo ok oho b okl o oo pRo oo odo ol ol poooho oo obo ok ol pk ok ok odo ok
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Self-Describing file e

Root > TFile f(“denpl.root”);
Root > f. ShowStreaner!| nfo();

Streanerinfo for class: PSinHt, version=1
BASE Toj ect offset= 0 type=66 Basi c ROOT object
Local 3DPoi nt  t heEnt ryPoi nt offset= 0 type=62 position
Local 3DPoi nt  t heExi t Poi nt offset= 0 type=62
fl oat t hePabs offset= 0 type= 5 nonmentum
f1 oat t heTof offset= O type= 5 Time O Flight
f1 oat t heEner gyLoss offset= O type= 5 Energy | oss
i nt theParticl eType offset= 0 type= 3
i nt theDetUnitld offset= 0 type= 3
unsigned int theTrackld offset= 0 type=13

Streanerinfo for class: Point3DBase<fl|oat, Local Tag>, version=1
BASE PVv3DBase<f | oat, Poi nt Tag, Local Tag> offset= 0 type= 0

Streanerinfo for class: PV3DBase<fl| oat, Poi nt Tag, Local Tag>, versi on=1
Basi c3DVect or <f | oat >t heVect or offset= 0 type=62

Streanerinfo for class: Basi c3DVector<fl oat>, version=1

f1 oat t heX offset= 0 type= 5
fl oat t heY offset= 0 type= 5
f1 oat t hezZ offset= 0 type= 5
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i Self-describing files 4.

Dictionary for persistent classes written to the file when closing the
file.

= ROOT files can be read by foreign readers (eg JavaRoot (Tony
Johnson)

= Support for Backward and Forward compatibility
= Files created in 2003 must be readable in 2015
= Classes (data objects) for all objects in a file can be regenerated via

Root >TFile f(“*demo.root”);

Root > f.MakeProject(“dir’,”*”,"new++");
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Showing classes in a file

TFile::ShowStreamerinfo

Root > f. ShowStreaner| nfo()

StreamerInfo for class: ATLFHuon, wersion=1
BASE TObject offset= 0 type=bb
BASE TALE3D offset= 0 type= 0
Int_t m_EFcode offset= 0 type= 3
Int_t m_HMCParticle offset= 0 type= 3
Int_t m_EFmother offset= 0 type= 3
Int_t m_UseFlag offset= 0 type= 3
Int_t m_Isclated offset= 0 type= 3
Float_t m_Eta offset= 0 type= b
Float_t m_Phi offset= 0 type= 5
Float_t m_PT offset= 0 type= 5
Int_t m_Trigger offset= 0 type= 3
StreamerInfo for class: ATLFElectron, wversion=1
BASE TObject offset= 0 type=5bb
BASE TAtLE3D offset= 0 type= 0
Int_t m_EKFcode offset= 0 type= 3
Int_t m_HMcParticle offset= 0 type= 3
Int_t m_EFmother offset= 0 type= 3
Float_t m_Eta offset= 0 type= 5
Float_t m_Phi offset= 0 type= 5
Float_t m_PT offset= 0 type= 5
StreamerInfo for class: ATLFPhoton, wersion=1
BASE TObhject offset= 0 type=6b
BASE TAtE3ID offset= 0 type= 0
Int_t m_KFcode offset= 0 type= 3
Int_t m_HCParticle offset= 0 type= 3
Int_t m_EKFmother offset= 0 type= 3
Float_t m_Eta offset= 0 type= 5
Float_t m_Phi offset= 0 type= 5
Float_t m_PT offset= 0 type= 5
StreamerInfo for class: ATLFJe=t, wersion=1
BASE TObject offset= 0 type=6b
BASE TALE3D offset= 0 type= 0
Int_t m_EKFcode offset= 0 type= 3
Int_t m_Hcoells offset= 0 type= 3
Int_t m_Hparticles offset= 0 type= 3
Int_t m_Part offset= 0 type= 3
Float_t m_Eta0 offset= 0 type= 5
Float_t m_Phi0 offset= 0 type= 5
Float_t m_Eta offset= 0 type= 5
Float_t m_Phi offset= 0 type= 5
Float_t m_PT offset= 0 type= 5

CM

Basic ROOT chject

3D attributes

Huon KF-code

Huon position in HCParticles list
Huon mother KF-code

Huon energy usage flag (0 for used in clusters)
Muon isclation (1 for isolated)
Eta coordinate

Phi coordinate

Transverse energy

Result of trigger

Basic ROOT ohject

3D attributes

Electron KF-code

Electron position in HCParticles list
Electron mother KF-code

Eta coordinate

Phi coordinate

Transverse enerqy

Basic ROOT ohject

3D attributes

Photon KF-code

Photon position in HMCParticles list
Photon mother KF-code

Eta coordinate

Phi coordinate

Transverse enerqy

Basic ROOT chject

3D attributes

Jet KF-code

Humbher of cells used for reconstruction
Humber of particles assigned to jet
Position in HCParticle list of matching b-guark/c-qu
Eta position of initiator cell

Phi position of initiator cell

Eta of jet bary-center

Phi of jet bary-center

Transverse momentum of jet
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Automatic Schema Evolution

Shared Lib vl shoren Lo Shared Liow?  MOKeRIojecT H’g

A, Missing A Fa% =
B, R, B,
ol C <
[
Hmg - D I A
Fle 1 File 2 File 3

A, A, A,
B, B, B,
C, - 2

B

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 MakeProject. This is the
case when someone has already read the data without a shared library
and has used ROOT's MakeProject feature to reconstruct the class
definitions and shared library (MzkeFroject is explained in detail later
onj.
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Auto Schema Evolution (2) 7

In case of a mismatch between the in-memory version and the persistent L\
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 ¢ ——ﬂ_
int o 43
Tloat T
Wy Closs *e (4]
float o -———Jﬂ
WhCloss g — |
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ROOT Trees

ROOT 1/0 Overview
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Ntuples and Trees

= Ntuples

= support PAW-like ntuples and functions

= PAW ntuples/histograms can be imported
m [rees

= Extension of Ntuples for Objects

= Collection of branches (branch has its own buffer)
= Can input partial Event

= Can have several Trees in parallel

s Chains = collections of Trees

CMS 10 Oct Rene Brun ROOT 1/0 Overview
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Why Trees ? AL

= 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.

AlFile.root }
—~ 7N

track,

[ 1Y ;1:"_
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i Why Trees ? AL

= Trees 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)

m 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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Why Trees ? AL

= PAW ntuples are a special case of Trees.
= Trees are designed to work with complex event objects.

= High level functions like TTree::Draw loop on all entries
with selection expressions.

m Trees can be browsed via TBrowser
s |rees can be analized via TTreeViewer

The PROOF systemis designed to process chains

of Trees in parallel in a GRI D environnent
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i Create a TTree Object

A tree is a list of branches.
The TTree Constructor:

= Tree Name (e.g. "myTree")
= Tree Title

AFile.root

TTree *tree = new TTree("T","A ROOT tree");
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Adding a Branch ¥
9 e

Many Branch
constructors

Only a few
shown here

Branch name

Class name

Address of the pointer to the Object (descendant

of TODbject) e\
Buffer size (default = 32,000) Vs
Split level (default = 1) Nscar

Event *event = new Event();
nyTr ee->Branch(”eBranch", "Event", &vent, 64000, 1) ;
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i Splitting a Branch A

Setting the split level (default = 1)

AlFile.root
t N }i

AFile.root

[ 1Y "T:(—

Split level =0 Splitlevel =1

Example:
tree->Branch("EvBr", "Event", &ev, 64000, 0) ;
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s Branch name

s Address: the address of the first item of a
structure.

= Leaflist: all variable names and types
= Order the variables according to their size

Example
TBranch *b = tree->Branch ("Ev_Branch", &event,

"ntrack/|:nseg: nvtex:flag/i:tenp/F");
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| Adding Branches with a TClonesArray /L

s Branch name

= Address of a pointer to a
TClonesArray

s Buffer size
m Split level (default = 1)

Example:
tree->Branch( "Track B", &Track, 64000, 1);
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Filling the Tree
‘.E : *

AlFile.root

= Create a for loop
= Create Event objects.

s Call the Fill method for the
tree.
nmyTree->Fi |l ()
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Write the Tree header /{

The Tree header contains a description of the Tree
= It owns the collection of branches
= Each branch has a buffer (TBasket) partially filled
= TTree::Write writes one single record on the file

AFile.root

tree->Wite();
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* ROOT I/0 -- Split/Cluster A

Streamer

Branches

9 Clustering
per attribute
or sub-object

File
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* ROOT /0 -- Split/Cluster

Tree entries

Tree §in memory

File
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Streamer

M

ROOT 1/0 Overview

Branches
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L
T

* ROOT 1/0 - Split - multifile ;{a

=

Streamer

Filel

File2

cilez TN




Same Object Model + Choice of Buffering techniques

Serial I/O : TBuffer

T
S
&

Tracks*

H2

Split mode
—
-

SPLIT mode: Buffers are Branch baskets

/user/brun/rootsiides/chep97jomode.C

o = = ) L
g £ Serial mode :| &
ol s i = a3
= = s -1 o
2 S g i 5
E T o e s
L as i
T e J
= E p— |
Head Cal
ot Vertex TPC Tracks obect I
— TObjArray -
i — TClonesArray =
ai - ai
it L o
=%}
= = =
II--IIéI o calorl
V2
H3
¥ calor2
calor3




CHAIN
Collection
of Trees

Tree
fScanField

Tree Data Structure

iBranches = TObjArray of TBranch

fMaxEventLoop

MaxVirtualSize .- |

fEntries _
fDimension’

fSelectedRows

. fBasketSize
fEventOffsetlLen
fMaxBaskets
fEntries
fAddress of Leafl

fName: Branchname
fTitle: leaflist

{Baskets = TObjArray of TBasket

—p- | .Basket U

ter of bytes of data type
~afl fAddress

= used for 1/0

fTitle: Tree name

fNbytes: Size of compressed Basket
fObjLen: Size of uncompressed Basket
fDatime: Date/Time when written to store
fKeylen: Number of bytes for the key
fCycle : Cycle number

fSeekKey: Pointer to Basket on file
fSeekPdir: Pointer to directory on file
fClassMName: TBasket'

fName: Branch name

fNevBuf: Number of events in Basket
fl ast: pointer to last used byte in Basket

£ weﬁi‘()ﬁ‘ser

..-fBuﬁ'er

fZipBuffer

>

Branch 0.~ Branch 1 Branch 2 Branch3 |
__.fL'éaves - T_ob jArray of TLeaf
| ' » | Leaf O » | Leaf1 »| Leaf2 |
|
~her of fixed elements | fType codes

C : a character string
: an 8 bit signed integer

: an 8 bit unsigned integer

: a 16 bit unsigned short
: a 32 bit signed integer

: a 32 bit unsigned integer

B
]
S : a 16 bit signed short in
]
|
i
F

: a 32 bit floating point
D : a 64 bit floating point

TXXXX : a class name TXXXX

teger
integer

hasket
tegers

~ | Basket 2

S
Yy ,00/7

>

Basket compressed buffer
{if compression)

Ba-. N
Array of fBaske....
Baskets
Stores




The Event class

cl ass Event : public TObject {

private:
char f Type[ 20] ; /'l event type
Int_t f Nt rack; /I Number of tracks
Int _t f Nseg; /I Nunber of track segnents
Int_t f Nvert ex;
unt t f Fl ag;
Fl oat _t f Tenper at ur e;
Int t f Measur es[ 10] ;
Fl oat _t fMatrix[4][4];
Fl oat _t *f Cl osest Di st ance; 1] ]
Event Header f Evt Hdr ;
TC onesArray *f Tracks; /l->array with all tracks
TRef Arr ay *fHi ghPt; /larray of H gh Pt tracks only
TRef Arr ay *f Muons; /larray of Mion tracks only
TRef f Last Tr ack; /lreference pointer to |last track
THLF *fH; []->

cl ass Event Header {

private:
Int t  fEvtNum See $ROOTSYS/test/ Event. h
I nt t f Run;

I nt t f Dat e;
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The Track class

cl ass Track :

private:
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat _t
Fl oat t
Fl oat t
Fl oat t
Fl oat _t
Fl oat _t
Int _t
Short _t

public TObj ect

f Px;

fPy;

fPz;

f Random

f Mass2;

f Bx;

f By;

f MeanChar ge;
fXfirst;

f Xl ast ;
fYfirst;
fYl ast;
fZfirst;

f Zl ast ;

f Char ge;
fVertex[3];
f Npoi nt ;
fvalid;

CMS 10 Oct Rene Brun

/I X conponent of the nomentum

/1Y conponent of the nomentum

/1 Z conponent of the nomentum

/1A randomtrack quantity

/I The mass square of this particle
/1 X intercept at the vertex

/1Y intercept at the vertex

/| Mean charge deposition of all hits
/1 X coordinate of the first point
/1 X coordinate of the |ast point
/1Y coordinate of the first point
/1Y coordinate of the |ast point
/'1Z coordinate of the first point
/'1Z coordinate of the |ast point
// Charge of this track

// Track vertex position

/I Nunber of points for this track
//Validity criterion
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Event Builder

void Event::Build(Int_t ev, Int_ntrack, Float_t ptmn) {

for (Int_t t =0; t < ntrack; t++) AddTrack(random ptm n);
}

Track *Event:: AddTrack(Fl oat _t random Float t ptmn)
{
/1l Add a new track to the list of tracks for this event.
/1 To avoid calling the very tine consun ng operator new for each track
/1 the standard but not well know C++ operator "new with placenment"”
/1 is called. If tracks[i] is O, a new Track object will be created
/1l otherwi se the previous Track[i] will be overwitten.

TCl onesArray & racks = *fTracks;

Track *track = new(tracks[f Nt rack++]) Track(randon;
/] Save reference to last Track in the collection of Tracks
fLast Track = track;

/] Save reference in fHighPt if track is a high Pt track

if (track->CGetPt() > ptmn) f Hi ghPt - >Add(track);
// Save reference in fMions if track is a nuon candi date

if (track->CGetMass2() < 0.11) fMions->Add(track);
return track;

CMS 10 Oct Rene Brun ROOT 1/0 Overview

71



— VvVoi d denpe(int nevents) {
- //load shared |lib wth the Event class
gSyst em >Load( " $SROOTSYS/ test/ | i bEvent");

[/ create a new ROOT file
TFile f("denpe.root", ”new');

// Create a ROOT Tree with one single top | evel branch
int split = 99; //try also split=1 and split=0

I nt bufsize = 16000;

Event *event = new Event;

TTree T("T","Event deno tree");

T. Branch("event", "Event", &vent, bufsi ze, split);

//Build Event in a loop and fill the Tree
for (int i=0;i<nevents;i++) {
event - >Bui | d(1);
T.FII();

}

T.Print(); [//Print Tree statistics
T.Wite(); //Wite Tree header to the file

}
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Tree example Event (read 1)

voi d denver () {
//1oad shared lib with the Event cl ass
gSyst em >Load(" $ROOTSYS/ test/ | i bEvent");

[/ connect ROOT file
TFile *f = new TFil e("denpe.root");

/| Read Tree header and set top branch address
Event *event = O;

TTree *T = (TTree*)f->CGet ("T");

T- >Set BranchAddr ess("event ", &vent);

// Loop on events and fill an histogram

THLF *h = new TH1F("hntrack", "Nunber of tracks", 100, 580, 620);
I nt nevents = (int)T->GetEntries();

for (int i=0;i<nevents;i++) {

T->Get Entry(i); Rebuild the full event
h->Fi || (event ->Get Ntrack()); in menory
}
h->Draw( ) ;
} |
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Tree example Event (read 2)

voi d denver2() {

//1oad shared lib with the Event cl ass
gSyst em >Load(" $ROOTSYS/ test/ | i bEvent");

[/ connect ROOT file
TFile *f = new TFil e("denpe.root");

/| Read Tree header and set top branch address
Event *event = O;

TTree *T = (TTree*)f->CGet ("T");

T- >Set BranchAddr ess("event ", &vent);

Tbranch *bntrack = T->GetBranch(“fNtrack”);

// Loop on events and fill an histogram
THLF *h = new TH1F("hntrack", "Nunber of tracks", 100, 580, 620);
I nt nevents = (int)T->GetEntries();
for (int i=0;i<nevents;i++) {
bntrack->GetEntry(i);

h->Fi ||l (event->Get Ntrack()); ;ffﬂniﬂgﬁ

} Much faster !

h->Draw() ;

=

7

L it
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Tree example Event (read 3)

voi d denver 3() {
//1oad shared lib with the Event cl ass
gSyst em >Load(" $ROOTSYS/ test/ | i bEvent");

[/ connect ROOT file
TFile *f = new TFil e("denpe.root");

/| Read Tree header
TTree *T = (TTree*)f->CGet ("T");

/| Hi st ogram nunber of tracks via the TreePl ayer
T->Draw “event - >Get Nt rack()”);
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Writing CMS PSImHiIt in a Tree

voi d demp3() {
//create a new ROOT file
TFile f("denp3.root", "recreate");

//Create a ROOT Tree with one single top | evel branch
int split =99; //you can try split=1 and split=0

i nt bufsize = 16000;

PSinH t *hit = 0;

TTree T("T","CVMS denp tree");

T.Branch("hit","PSinHit", &i t, bufsize,split);

//Create hits in a loop and fill the Tree
TRandom r;
for (int i=0;i<50000;i++) {

delete hit;

Local 3DPoi nt pentry(r.Gaus(0,1), r.Gaus(0,1), r.Gus(0,10));
Local 3DPoi nt pexit (r.Gaus(0,3), r.Gus(0,3), r.Gus(50,20));
fl oat pabs 100*r. Rndm() ;

float tof = r.Gaus(le-6, le-8);
fl oat el oss= r.Landau(le-3, le-7);
int ptype = i%;

int detld = 1i9%0;

int trackld= i9%00;
hit = new PSinHi t(pentry, pexit, pabs, tof, el oss, ptype, detld, trackld);

T.Fill();
}

T.Print(); //Print Tree statistics
T.Wite(); //IWite Tree header to the file

}
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Browsing the PSImHIt Tree
split =0

*Tr ee

*

*Entries :

(=N ROOT Object Browser o -0 X

Eile Miew Options Help

|aT,-1 =

| &Il Folders | Contents of "/ROOT Files/demo3_0.rootT;1"

[CAroot By hit

DMDmeshrunIrcthcsz'cms.l‘rnDt

I:lFiI:II:ITFIes

EI I:ldemuﬁ 0.root

| 1 Okiect. | i

:T : CMS denop tree *
50000 : Total = 4703775 bytes File Size = 2207143 *

Tree conpression factor = 2.13 *

kkhkhkkkhhkkhkkhkhkhkkhkhkhkkhkkhhkhkkihhkhhkhkhkhhkhkkhhkhkhhhkhhhkhkhhkhkihkhkhhkk khhkhkkhhkhkk khkhkhhhkhkhhkhk khkhkk ki) k ki) kk*x*

* Br O :hit

*Entries :
*Basket s :

50000 : Total Size= 4703775 bytes File Size =
295 : Basket Size= 16000 bytes Conpression=

*

2207143 *

2.13 *

1 branch only
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Browsing the PSImHIt Tree
I split =1

SRS R R R R S S RS R E R R RS S SR EEE RS EEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEESEES

*Tree :T : CMB denp tree *
*Entries : 50000 : Total = 5258415 bytes File Size = 2021907 *
* : : Tree conpression factor = 2.60 * -
khkkhkkhkkhkhkhkhkhkhkkhkhhhhhhhkhhhhhhhhhhdhdhddhhhhhhdhdhddhhhhhdhdhdhdddhhhrddrdrdddhdrdrrrrddhhdhxx
*Branch :hit *
*Entries : 50000 : BranchEl enent (see bel ow) *
*
*Br 0 : TObj ect El X
*Entries : 50000 : Total Size= . . .
*Basket s : 56 : Basket Size= Eile Yiew Options Help
E e e e e e ] o = (1] L=
* Br 1 :theEntryPoint : Ia hit j —of .5
cEntries i 50000 : Total ~Size= [ Fpigers | Contents of *.../demo3_1.rootT/hit"
*Basket s : 119 : Basket Size=
@ booobo0000b000 ©00000000000000000000¢ (droat ﬁTDbiect ﬁtheDetUnitld ﬁtheEnergyLuss ﬁtheEntryPDint ﬁtheExitPDint
*Br 2 :theExi tPoint :
*Entries : 50000 : Total Size= |Ldomedbrunivootemzicmsioot 3 thePaks 3 theParticleType g theTaf 3 theTrack|d
*Basket s : 119 : Basket Size= [[_IROOT Files
* g
.................................... T demad 1 root
*Br 3 :thePabs : =l I:l -
*Entries : 50000 : Total Size= E‘"'C:lT
*Basket s : 12 : Basket Size= am
*Br 4 :theTof : |
*Entries : 50000 : Total Size= |3 Dbiects. W
*Basket s : 12 : Basket Size= TOUUU DylEes  CONpressron= . I.32 '
* *
*Br 5 :theEnergylLoss : *
*Entries : 50000 : Total Size= 191964 bytes File Size = 122761 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.56 *
*Br 6 :theParticleType : *
*Entries : 50000 : Total Size= 191988 bytes File Size = 1860 *
*Basket s : 12 : Basket Size= 16000 bytes Conpression= 103. 22 *
* *
*Br 7 :theDetUnitld : *
*Entries : 50000 : Total Size= 191952 bytes File Size = 2298 *
*Baskets : 12 . Basket Size= 16000 bytes Conpression= 83.53 *
*Br8theTrack|d ....................................................... : 9 b h
*Entries : 50000 : Total Size= 191976 bytes File Size = 4179 * r a'n C e S
*Basket s : 12 : Basket Size= 16000 bytes Conpression= 45.94 *
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Browsing the PSImHit Tree &%

ok ko ok kK Kok kR Kk K kR KRk Rk kK kR kR kR Rk Kk Rk Rk Rk Rk Kk Rk kK kK kR Kk Rk kK

*Tree 8T CVB deno tree *
*Entries : 50000 : Total = 2687592 bytes File Size = 1509041 *
* : Tree conpression factor = 1.78 *
R R T T
*Branch :hit *
*Entries : 50000 : BranchEl enent (see bel ow) *
* *
*Br 0 :fUniquel D *
*Entries : 50000 : Total Size= 191964 bytes File Size = 1272 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 150. 92 *
* *
. *
*Entries : 50000 : Total Size= 191964 bytes File Size = 1260 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 152.35 *
* *
*Br 2 :theEntryPoint *
*Entries : 50000 : Total Size= 0 bytes File Size = 0 *
*Baskets : 0 : Basket Size= 16000 bytes Conpression= 1.00 *
* *
*Br 3 :theEntryPoint.theVector.theX : *
*Entries : 50000 : Total Size= 191952 bytes File Size = 177959 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.08 *
* *
*Br 4 :theEntryPoint.theVector.theY : *
*Entries : 50000 : Total Size= 191952 bytes File Size = 177934 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.08 *
* *
*Br 5 :theEntryPoint.theVector.theZ : *
*Entries : 50000 : Total Size= 191952 bytes File Size = 178312 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.08 *
* *
*Br 6 :theExitPoint : *
*Entries : 50000 : Total Size= 0 bytes File Size = 0 *
*Baskets : 0 : Basket Size= 16000 bytes Conpression= 1.00 *
* *
*Br 7 :theExi t Point.theVector.theX : *
*Entries : 50000 : Total Size= 191988 bytes File Size = 178060 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.08 *
* *
*Br 8 :theExi tPoint.theVector.theY : *
*Entries : 50000 : Total Size= 191988 bytes File Size = 178072 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.08 *
* *
*Br 9 :theExi tPoint.theVector.theZ : *
*Entries : 50000 : Total Size= 191988 bytes File Size = 168655 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.14 *
* *
*Br 10 :thePabs *
*Entries : 50000 : Total Size= 191988 bytes File Size = 170871 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.12 *
* *
*Br 11 :theTof 3 *
*Entries : 50000 : Total Size= 191976 bytes File Size = 145548 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.32 *
* *
*Br 12 :theEnergylLoss : *
*Entries : 50000 : Total Size= 191964 bytes File Size = 122761 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 1.56 *
* *
*Br 13 :theParticleType : *
*Entries : 50000 : Total Size= 191988 bytes File Size = 1860 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 103. 22 *
* *
*Br 14 :theDetUnitld : *
*Entries : 50000 : Total Size= 191952 bytes File Size = 2298 *
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 83.53 *

*Br 15 : 8
*Entries : 50000 : Total Size= 191976 bytes File Size = 4179
*Baskets : 12 : Basket Size= 16000 bytes Conpression= 45.94

*

* % ok %
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split = 99 i

[=E%0 ROOT Object Browser - O

File Yiew OCptions Help

Es]

| Contents of .. T/hit'theEniryPoint’

|atheEmryPoint
| &1l Folders

DFDDt ﬁ the EntryFoint thetectar thex

[ momedarunrotemaicmsitont %4 theEntryFaint thevector theZ
[CAROOT Files

E|[:| demao3_99 raot
[j"{:]T

theEntry Faint the\ectar the'y

Doubl e ¢
produces
t hi s hi st ogram

ck

[[theExitPoint

al |2

| 3 Objects. | theEntryPoint. thevector the / 4

File Edit ¥iew Options Inspect Classes Help

| theEntryPoint.theVector.theX | / htemp

= Nent = 50000
Mean = 0.0009292
RMS =0.9989

2000
1800
1600
1400
1200
1000
800
600
400
200

4

16 branches
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i Collections of Hits

= A more realistic Tree will have

= A collection of Detectors
= Each detector one or more collection of hits
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S8 ROOT Object Browser

B
Eile  Miew Onptions Help
IEfDeIe j |
[ &1 Folders | Contents of *..sT/h1event/Dels"
|1 Functions ;I

[ Metwark Caonnections
[ Memory Mapped Files
DMDme.fbrunIroot.l’desy
[CIROOT Files
EI---[:_IM roat

& @

E-Cath1event

N

[ fDsle.1Bits [Jroele.roew [ fDsle.fE_el []fDele.fEstl el [ ]fDelefEst2_el
[)foslefazel el [ ]fDelefThet_el [ ]fDelefUniquelD | ] fDele fib2_el [ ] fDele.fxbb_el

36 branches
In Tree T

\

i

Lel

[ fDele.1Phi_el
[ fDele.rxd2_el

[J1Deleraznz_el []fDelefazbh_el [ ]fDele fQ2d2_el [ ]fDele fa2da_el
[JrDeleticael [ ]fDelefrel_el [ ] fDele fZc_el

e

19 leaves.in
branch fDele

\

ey

19 Ohjects.

[ fhet_el[fDele_1F



]

Eile Wiew Options

ROOT Ohject Browser

< E X

Help

£ Electrons

v| | Bofie =

| &l Folders

| Contents of "...fatifast rootT/Electrons"

[N L = e

[ Global variakles

[:l Canvases

[:l Geametries

[:l Colors

[:l Styles

[:l Functions

[:l Metwark Connections

[:lMeml:urg.-' Mapped Files

DMDmEJhrum‘atlfast

(LIROOT Files

- atifast root
E&-Ear

----- (1 Particles

----- (1 Muons

a Electrons

[ JATLFast

=]

\.

—
-
—

D Electrons fEits

/

&

8 leaves of branch

Electrons

D Electrons flniguelD
D Electrons.m_kFrother D Electrons.m_MCFarticle D Electrons.m_FT

89

|

8 Branches of T

D Electrons.m_Eta

-

D Electrons.m_KFoode
D Electrons.m_Fhi

A double-click
to histogram
the leaf

\

‘g

| & Objects.
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* The Tree Viewer & Analyzer

=" TreeViewer c
Eile Edit Bun DQptions Help
Command Optian Histogram [htemp [ Hist [ Scan | Rec
- || Current folder | Current tree : myTree
- - [:ITFEEUST ¥ —empty- W EventBranch ﬁ fTracks fidazs2 ﬁ fieasures[10]
B Ry T e ¥ —empty- By MType[20] By racks fBx iy Thfatris[4][4]
2 —empty - ﬁ TMtrack ﬁ fTracks TBy ﬁ fClozest Distance
03;. —-ernpty - ﬁ TMseqg ﬁ fTracks fhean Charge
ﬁ' Soan box ﬁ Thvertex ﬁ fTracks fifirst
E< > —empty - ﬁ TFlag ﬁ fTracks frlast
E<» —empty - ﬁ fTernperature % [Tracks . firs
E¢ 3 —empty - 3 fEvtHdr fEvthum 3 fTracks f¥iast
E¢» —empty - 3 TEvtHar fRun 3 fTracks f2first
E<» —empty - 3 TEvtHur fDate 3 fTracks fZlast
» —empty - fﬁ'ﬂrau:ks ﬁ fTracks . fCharge
ﬁ fTracks fPx ﬁ fTracks Muertes[3]
ﬁ fTracks TPy ﬁ fTracks fMpoint
E<» —empty - ﬁ fTracks fFz ﬁ fTracks . fvalid
E<» —empty - ﬁ fTracks.fRandorm ﬁ fH
| 0%
I-H| W| IListI_ OList | | Leaf : fTracks.ffirst ,é HESETl'
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Chains /ﬁﬂ

Scenario:

Perform an analysis using multiple
ROOT files. All files are of the
same structure and have the
same tree.
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i Chains of Trees £

= A TChain is a collection of Trees.

s Same semantics for TChains and TTrees
s oot > .x hlchain.C
= oot > chain.Process(“hlanalysis.C”)

/lcreates a TChain to be used by the hlanalysis.C class
/lthe symbol H1 must point to a directory where the H1 data sets
//have been installed

TChai n chai n("h42");
chai n. Add( " $H1/ dst ar nb. root ") ;
chai n. Add( " $H1/ dst ar pla.root");
chai n. Add( " $H1/ dst ar plb. root");
chai n. Add( " $H1/ dst arp2. root");
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&

[

* Tree Friends

Collaboration-wide

public read
Analysis group user
protected TI’EE private
fiend treel oo PNl f |:|er‘|d free’
/R i K
Q o] ©

Root > TFile f1(“treel.root”);

Root > tree.AddFriend(“tree2”,“tree2.root”)
Root > tree.AddFriend(“tree3”,“tree3.root”);
Root > tree.Draw(“x:a”,”’k<c”);

Root > tree.Draw(“x:tree2.x”,"sqrt(p)<b”);
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E

The “No Shared Library” case A£.

= There are many applications for which it does not make sense to
read data without the code of the corresponding classes.

= In true OO, you want to exploit Data Hiding and rely on the
functional interface.

m However, there are also cases where the functional interface is not
necessary (PAW ntuples).

= It is nice to be able to browse any type of file without any code.
May be you cannot do much, but it gives some confidence that you
can always read your data sets.

= We have seen a religious debate on this subject.

= Our conclusion was that we had to support these two modes of
operation.

= Support for the “No Shared Lib case” is non trivial
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read/query Trees without the classes

root [0] TFile fi"Event.root"} ‘

Warning in <TClas=z::TClaszr: no dictionary for claszs

Warning in <TClass::TClass>: no dictionary for class EventHeader iz awailable

Warning in <TClas=z::TClagsr: no dictionary for claszs
root. [11 T,Show(45} j_

====== EVEMT:4h

Ewent iz available

Track iz available

flniqueIl =0

fBits = B331648

fTypel[20] S1E 12 12101 48 000000 000000000

fitrack = B9

fH=eq = BOEE

fivertes =7

fFlag =1

fTemperature = 20,529432

fEvtHdr, fEvtHum = 45

fEvtHdr, fRun = 200

fEvtHdr fDate = 960212

fTracks = B9

fTracks,fPx = —0,077692, -2,620842, 1,130895, 3.095905, -0.20935%4, 0, 25, -1.232411, -1.1159241. -0.580420, -0, 378065

fTracks,.fPy = 0, 3324117, 0,482258, -0,789722, -0 i& I B X
fTracks,fPz = 0, 341083, 2,669760, 1,379341, 3.0

fTracks.fRandon = 523,431580, 523,421580, 523,43158 Fjle Wiew Options Help
fTracks,fHazs? = 8,300000, 3,9300000, 8,300000, 3.9

FTracks, fBx = -0,042621, 0,0B9531, —0,141924, 0|.r_:,|ma.:ks j o, |-

fTracks.fBy = 0001728, 0,116303, 0,046E5%, -0, ——

fTracks, fHeanCharge = 0,001203, 0001738, 0,006523, |&ll Folders |C|:|ntents of " i TleventfTracks"

fTracks, fifirst = 2,082409, 0,5492665, -1.027804, -9

fTracks.filast = 5749741, 15,938519, 0260784, 14 |(droot $x fTracks.fBx 3 fTracks fBy 3 Tracks fCharge

fTracks, fifirst = 10,398095, 2,4605857, 16,579025, - Dmume.lhrun.l'rljljt.l"test ﬁﬂracks.fMassE ﬁﬂranks.fhﬂeantharge ﬁf‘l’ra;:ks.fl“-]pu:uint

fTracks, f¥last = -7,106707, 13,617641, 12,9463593, (CIROOT Files

fTracks, fZfirst = B6,846382, 39,277401, 47,035370, g ﬁf‘l’racks.fF‘x ﬁf‘l’raxks.fF‘y %ﬂ'ra;:ks.fF‘z

fTracks, fZlast = 211,758B06, 213,753479, 21762004 E‘D Ewent.ront ﬁﬂ'racks.fﬁandnm hﬂraﬁks.ﬂa‘aﬂd &T‘I’ra;:ks.f‘hfertexﬁ]
fTracks,fCharge = O,000000, 0,Q00000, 1, 000000, 0,0 t}{:]T

fTracks, fYertex[3] = -0,181014 0,105711 -20, 070354 s 8§ fTracks fifirst 5 fTracks filast 3 fTracks ffirst u
0,034267 0,096083 -3,769124 , -0,119004 0,039550 -1, = event b fracks. frlast i fracks f2first  TTracks T2iast 4
73873, -0,165064 0, 044276 -3, 960069 b [CaTOmiect

fTracks,fMpoint = B4, B0, BE, B1. B2, 61, B2, B4, B 1

fTracks,fY¥alid =1, 0,1, 0, 1,1, 0,1, 0,1 ;

fH = {TH1F#*}8s93gd0  + 7

fHeazures[10] =-2 0525114139311

fHatrix[4104] = -0,B25079 0,530725 -0,736683 0,00 ; ]
000000 0, 000000 |18 Obiects. A
fClozestlistance = 1,441?%& 1,708780 -0,650489 1,539576 0,804130 0,048241 -0,534909

root [2] new TBrowser

fclass TBrowsers:(x3807460 e}

root [Z1 B



TFile::MakeProject A

Generate the classes
header files
Compile them
make a shared lib
link the shared lib

root [4] f.HakeProject({"xx","*", "recreate++")]
HakeProject has generated 21 classes in xx
xx/MAKE file has been generated

Shared lib xx/xx.s0o has been generated

Shared lib xx/xx.s0 has been dynamically 1inked
root [H] ATLFElectron e <
root [6] e.Dump() <

m_KFcode 1 Electron KF-—code

m_HCParticle Electron position in HCParticles list
m_EKEFmother Electron mother KF-—code

m_Eta Eta coordinate

m_FPT | Transwverse enerqy
fUniquelIDd obhject unique identifier

1
b
0
0
m_Phi 0 Phi coordinate
0
0
fBits 0331648 hit field status word
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TFile::MakeProject A

All necessary
FEEEEETTTTTTTTTTTTT LR EEPEEEFREE A EFERdEdiTTiidddsys

£ This class has been generated hy TFile: :HakeProject 1

i (Hon May 28 19:34:37 2001 by ROOT wersion 3.01/03) r1€361(jeerlf”63£;
Ff from the StreamerInfo in file atlfast.root .
s are included

tifndef ATLFElectron h
tdefine ATLFElectron h

#include "TObject.h"
#include "TAEL3ID.h"

c¢lass ATLFElectron : public TObhject , public TAEE3ID { (:()rT]rT]€3r1tss
public:
Int_t n_KFcode F/Electron KF-—code i F)rEEESEEr\/EECj
Int_t m_HMCParticle; ffBlectron position in HCParticles ?
Int t m_EFmother; FfElectron mother KF—code
Flocat_ t m_Eta; F/Eta coordinate
Float_t m_Phi; F/Phi coordinate
Float_t m_PT: //Transverse enerqgy
ATLFElectron() {:}
virtual ~ATLFElectron() f{;} Can dO I/O
ClassDef (ATLFElectron, 1) 7/
. Inspect
. ::ii!?ssImp[nTLFElectrﬂn] Browse’etc
endi

CMS 10 Oct Rene Brun ROOT I/0 Overview 90



ROOT Folders
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i Why Folders ?

This diagram shows a system
without folders. The objects have
pointers to each other to access
each other's data.

Pointers are an efficient way to
share data between classes.
However, a direct pointer creates
a direct coupling between
classes.

This design can become a very
tangled web of dependencies in a
system with a large number of
classes.

CMS 10 Oct Rene Brun
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i Why Folders ? A

In the diagram below, a reference to the data is in the folder and the consumers refer to
the folder rather than each other to access the data.

The naming and search service provided by the ROOT folders hierarchy provides
an alternative. It loosely couples the classes and greatly enhances I/O operations.

In this way, folders separate the data from the algorithms and greatly
improve the modularity of an application by minimizing the class dependencies.

Producer Folder Consumers

<
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Posting Data to a Folder si

(Producer)

= No changes required in user class structure.

= Build a folder structure with:
= TFolder::AddFolder(TFolder *)

= Post objects or collections to a Folder with:
= TFolder::Add(TObject*)

= A TFolder can contain other folders or any TODbject
descendents. In general, users will not post a single
object to a folder, they will store a collection or multiple
collections in a folder. For example, to add an array to a

folder:

= TObjArray *array;
= run_mc->Add(array);
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Reading Data from a Folder %
(Consumer) )’g*

One can search for a folder or an object in a folder using the TROOT::FindObjectAny

method. FindObjectAny analyzes the string passed as its argument and searches in
the hierarchy until it finds an object or folder matching the name.

With FindObjectAny, you can give the full path name, or the name of the folder.

If only the name of the folder is given, it will return the first instance of that name.

conf = (TFolder*)gROOT->FindObjectAny("/aliroot/Run/Configuration");
or

conf = (TFolder*)gROOT->FindObjectAny("Configuration");

A string-based search is time consuming. If the retrieved object is used frequently or
inside a loop, you should save a pointer to the object as a class data member.

Use the naming service only in the initialization of the consumer class.
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* Example: Alice folders

homefbrunfAliRoot
ROOT Files

EIR P M

gAlice
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ROOT working with Objectivity "

http://www.phenix.bnl.gov/WWW/publish/onuchin/rooObjy/

ROOT
Objecl}vity

&

Introduction

This is library of ROOT wrappers around Objectivity base classes and functons.
s The Goals:
© Create a tool library which will allovwr 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 PHENIX softwrare framesvork
» The Status:

0 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(30HK), oot 230
O Objectivity Active Schema classes
O Objectivity global functons, constants etc,
© Compiled on Linuxz, Tested ++ more testing required. Mot ported to
» The library allows users to:
© connect to Federated database
© openhup database
O iterate through databases/containers
O obtain descriptions of the classes in database
O refrieve persistent data for any object in the database

O ++ much morg, interactively from ROOT

If vou hove any comments aboud this page please send them to Vaderiy Qauchin 97



(>
http://www.phenix.bnl.gov/WWW/publish/onuchin/RDBC/ SR
See al so: http://ww. gsi.de/conputing/root/ O acl eAccess. ht m
ROOT Introduction
ORACLE
450, o . . . .
® Thizs library is a set of ROOT wrappers of libodbe++ classes that provides an interface based on the JIDBC APL
Postare S e [t corresponds to JDBC-0ODBC bridge in Tava terminology and makes it possible to do:
Introduction 1. establish a connecton from ROOT sesssion to any database for which ODBC driver available.
2. send BOL statements,
Demos & Tests
Olass Reference 3. process the results,
Dowrnload & Install o Major differences between libodbc++ and RDBC:
o BLBC written according to ROOT coding conventions, All method names begin with upper case letter,
O Since ROOT C++ interpreter {CINT) does not provide full support of namespaces, all RDBC classes have TSQL prefiz, e.g.
O D B C TEQLStatement corresponds to odbe:: Statermnent etc..

O Since ROOT C++ interpreter {CINT) does not provide full support of exceptions, Rt object communication mechanism is
used for exception danding (see TSQL: SetHandler methaod),

o BEDBC supprots
0O TSQLResultSet GetObject

O TSQLResultSet: UpdateObject
O TSGLPreparedStatemnent: SetObject

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

e We consider RDBC as alow-level APl and abase for higher—lewel interface between ROOT based offline envirement of MINOS
experiment and Cracle database. WMew ROOT-BRDBC based GUI tools for Oracle are coming. Stay uned!
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i General remarks . &

= In 1995, we had planned less than 50% of ROOT 2001.

- importance of dictionary, RTTI

- Automatic Schema Evolution

- effort in GUI

- Online requirements (Threads, Timers, Sockets, etc)

= Development of a system is driven by:

- ideas from authors

= - ideas from users

. - new ideas and techniques in computing

= - OS development. In 1995, push for Windows, Linux not here

= - language developments (eg template support, exception handling, Java)

= - cooperation with other systems (ex Objy, Oracle, Corba, Qt, etc)

. - manpower
Users expect stable and working systems. Quality of a system should =
improve with time. Often in contradiction with major developments.
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ROQOT: an Evolving System A

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

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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Download source, Binaries
http://root.cern.ch ol

Intel 286 Linux for Redhat 7.1 (glibe 2.2 and gee 2,98, version 3.02/01 (8.1 MB), new

Intel 286 Linuz for Redhat 8.1 {glihc 2.1} and gee? 95.2, version 3.02/01 (7.7 MB). new

Intel 86 Linuz for Redhat 6.1 (glibe 2.1) and egesl 1.2, version 3.02/01 (8.6 MB), Hew

Intel z86 Limuz for Redhat 5.0/5.1/5.2 (glibc) and eges 1.1.1, version 302,01 (8.5 MB), new

Intel Itanium Linus for Redhat 7.0 {(glibe 223 and gee 2.96, version 3.00/06 (9.0 MB). Hew 22 b| nary
HP-UX 10.20 with aCC (v1.18), version 3.02/01 (127 MB). new

Compagq Alpha OSF1 with cxx 6.2, version 3.02/01 (9.3 WB). Hew tar ba"S
Compag Alpha OSFL with eges 1.1.2, version 3.02/01 (106 MB). rew + source
Compaq Alpha Linux with eges 1.1.2, version 3.01/08 (110 MB). reEw

CompaqiPAQ PocketPC Linux with gec 2 95, version 3.00/08 (6.7 MB). Hew

For more on Linuz on iPAQ see www handhelds org.
o ALK 4.3 with #1C version 3, wersion 3.02/01 (11.3 WB, works only on 413 4.3). Hew

o ALK 4.5 with £1C version 5, version 3.02/01 (11.3 MB, works only on 413 4.5), new

o Sun SPARC Solaris 5.6 with CC4.2, version 3.02,/01 (8.5 MB). Hew

It cannot be used with Solaris 5.7 or 5.8 even using the same compiler version. You must recormpile from the source on
these two systems.

e Sun SPARC Solaris 5.7 with CC5.0, version 302,01 (9.7 MB). rew

It cannot be used with Selaris 5.6 or 5.8 even using the same compiler version. ¥ ou must recompile from the source on
these two systems.

o Sun SPARC Eolaris 5.8 with CC5.2, version 3.02/01 {10.1 MBj. Hew

It canmot be used with Solaris 5.6 or 5.7 even using the same compiler version, ¥ ou must recompile from the source on
these two systems,
SGIIRIE 6.5 with CC, version 3.02/01 {compiled with —n32) (10,5 MB). wew

SGIIRIX 6.5 with g++ 2.95.2, version 302,01 (116 MB). Hew
SG1IRIX 6.5 with KCC, version 3.02/01 (10.1 MB). new
LinwzPPC/2000 {ghibc 2.1y gec 2 95, version 3.0105 (7.8 MB). Hew

Thanks to Damir Buskulic {(buskulici@lapp.in?p3.£r) for building this version.
Windows/N T2 598 with VC++ 6.0, version 3.02/01 {good old tar file) (9.3 MB), Hew

o Windows/IN T/25/98 with VCO++ 6.0,compiled with debug infe, version 3.02/01 {good old tar file) (17.4 WB), nHew

o Windows/NT/2528 with VC++ 6.0, version 3.02/00 {built with InstallShield) (2.1 MB). new

When running from the MSTDOS prompt, vou must set the following environment variables, eg in your autoezec.bat:
(Restart the system if yvou set these variables for the first fime).
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Makefiles A

= 3 major OS (Unix, Windows, Mac OS/X)

= 10 different compilers
= gcc with many flavors on nearly all platforms,
= Solaris:CC4,5, HPUX:CC:aCC, SGI:CC, AIX:xIC
= Alpha:CXX6, Windows:VC++6
= KAI on SGI, Linux, Solaris

s 37 Makefiles

Cpcnotebruny [732] 1=z “/rootsconfig

ARCHS Makefile.freebsdd Makefile.linuxdeb2 Makefile.linuxsuset Makefile.solarisCCh
CY5 Makefile.hpu: Makefile.linu:deb2ppc  Makefile.lyn=os Makefile.solarisegcs
Makefile.aix Makefile.hpuzacc Makefile.linuxegcs Makefile.macos: Makefile.solarisgcc
Makefile.alxeqgcs Makefile.hpuzegcs Makefile.linu=iagd4gce  Makefile.mklinus Makefile.solariskcc
Makefile.alphacxx6 Makefile.in Makefile.linuxiakd4sgi Makefile.sgicc Makefile.win3z
Makefile.alphaegcs Makefile.linux Makefile.linuxkce Makefile.sgiegcs config.in
Makefile.alphakcc  Makefile.linuxalphaegos Makefile.linuxpgcc Makefile.sgikce root-config.in
Makefile.config Makefile.linuxarm Makefile.linuxppcegos  Makefile.sgin32egos rootro.in
Makefile.freebsd Makefile.linuxdeb Makefile.linuxrhd2 Makefile.zolaris
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ROOT Downloads £

129 ) 000 binaries [ ROOT distribution statistics Tue Oct 9 12:02:11 2001
1997 1998 19a90 2000 o001 N2
oot 100 mot200 oo 220 motd 2} root2.2%cot B0 mot30d |
download 50000 =LA Ha\ e sl roys e i e
E Linux

650,000 clicks
per month

40000 - A N . 4 -

Total FTP distributions: 129030
T 30000

FTP distributions per O3

{ROOT binaries only)
30,000 docs ’ f ’
. 20000
10000
B il ; SUH
il E SGl
0 I 1 1 [ Axaz I
0 200 250 300

wesk number
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ROOT Users In the large experiments *;,?/

ATLAS 133  \WA98 25
ALICE 120  BELLE 22
CDF 88  COWPASS 22
PHENIX 86  KLCE 19
CVB 85  ALEPH 18
STAR 82  OPAL 17
JLAB 77 AUGER 16
DO 70 MNOS 16
BABAR 69  NOMAD 16
H1 48  BRAHMB 15
L3 43  QAST 14
HERAB 37  AVB 12
NA49 37  NA45 12
LHCB 35  NA4S 11
DELPHI 34  AVANDA 10
ZEUS 32

HADES 27

PHOBOS 27
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ROOT Educational Resources at FNAL
http://www-pat.fnal.gov/root/ Ji

@ Diay 1: slides, Power Point file Diay 2: slides, Powrer Point file Diay 3: slides, Power Point file
s o Overview of the ROOT Framework e Command Line {CINT) e Building Root Trees
o Ul basics o Scripts (CINT & ACLICY ® Reading Root Trees
e Command line basics e Jeting started with the o Using Trees in Analysis
e Finding Information e Exercises Functions and Fitting e Addyour classto ROOT
s TreeViewer

:ﬁ Examples: download all the example files used in the tutorial

%Exercises: download the exercises we use in class, they are the same as we used at CERN school. Here is a list of the things that you will
learn:

e three ways vou canuse ROOT: the comrmand line, the script processor, and the graphical user interface (GUI).
& how to generate a PostScript file,

e histograms, and the input/output capabilities.

e example of an analysis using real physics data,

e example of a simulations and an event display,

C++ Bazics for ROOT users
Followr this link for a refresher on C4++.

ROOT User's Guide

Followr this link to the preliminary wersion of the ROOT User’s Guide,

Hard copies of the ROOT Urer’s Guide are now avaiiadie in the Fermilad Stock Room,

The part number is: 1307 -058000 and the costis $5.21 a copy.

ROOT Mailing Lists

Followr this link to find the mailing lists and archives for roottalk and about root. This is a place where you can ask questions, and gef an answer
quickly. You can also scan the archive to find topics of inferest,

Ferrnilab’s ROOT Releases
Followr this link to see alist of ROOT releases available at Fermilah,
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