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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 Root workshop FNAL)
Feb 00: Root version 2.23/12 (2nd Root workshop CERN)
Sep 00: Root version 2.25/03

Mar 01: Root version 3.00/06
Jun 01: Root version 3.01/05 (3rd Root workshop at FNAL)
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ROQOT: 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.

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 : Ll
software developers in the major experiments. "~

Root is being developed in very close " vf-m’\;ﬂ_'
cooperation with a cloud of software iy ¥ b= X o
developers in small, medium and large e a1l e W A
experiments. Computer scientists from non- ' Sl % & N
HEP fields are also contributing. ¥ g Y G
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Plan of talk L.

= In this talk, I will review the main developments
In version 2.25, 3.00 and 3.01.

= Focusing on the 1/0 aspects
= CINT will be covered by Masa
= System classes and GUI by Fons
= ROOT GUI on Windows by Fons and Bertrand
= Trees and related things: see my next talk
= Documentation: see Suzanne’s talk
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Version 2.25 (1) Sep 00 L&

= In March 2000, move to CVS

= Makefile system
= Modularization of the libraries

= ACLIC
= TLatex, TSpline
= TPrincipal, TMultiDimFit

m T Tree::MakeClass, MakeSelector
= See talk on Trees

s TFolder, TTask

= see talk on Folders and tasks
= Float t --> Double t in graphics classes + TH1 + TGraph
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ACLIC

by Philippe Canal Jﬁ+

= Automatic Compiler Linker Interface to CINT
= . X hsimple.cxx (via CINT)

= . X hsimple.cxx+ (via native compiler/linker)

= Second call to .x hsimple.cxx+ will not recompile if hsimple.cxx
IS not modified since previous call

= . X hsimple.cxx++ (same, force compilation)
= Same behavior on all systems

= We recommend to write always valid C++ with
the include files specified. This works for C++
and CINT.
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Add includes
normal C++

Root > .x hsimple.C

Root > .x hsimple.C+

ROOT2001 Rene Brun

#include "TFile.h"
#include "TH1.h"
#include "TH2.h"

ACLIC example A

#include "TProfile.h"

#include "THtuple.h"
#include "TRandom.h™

int hsimple()
{

f// Create a new ROOT binary machine independent file.

// Hote that this file may contain any kind of ROOT ohjects, histograms,
/{ pictures, graphics objects, detector geometries, tracks, ewvents, etec..
f/f This file is now becoming the current directory.

TFile hfile("hsimple.root", "RECREATE", "Demo ROOT file with histograms");

/{ Create some histograms, a profile histogram and an ntuple
TH1F *hpx = new THIF ("hpx", "This is the px distribution", 100,-4,64);
THZF *hpxpy = new TH2F ("hpxpy", "py vs px",40,-4,4,40,-4,4);

TProfile *hprof
THtuple *ntuple

new TProfile(“"hprof", "Profile of pz wersus px",100,-4,4,0,20);
new THtuple("ntuple", "Demo ntuple®, "px:py:pz:random:i");

f/f Fill histograms randomly
Float_t px., py, pz;

for {( Int_t i=0;

i<10000; i++) f{

gRandom—->Rannor (px,py); f//px and py will be two gaussian random mmbers
pz = pxX*px + py*“py;

Fleocat t random

hpx—>Fill {px);
hpxpy->Fill (px, py);
hprof-=Fill (px,pz);
ntuple->Fill (px, py, pz, random, i) ;

¥

= gRandom->Rndm({1);

f// Bave all objects in this file

hfile.Hrite();

f/f Close the file. Hote that this is automatically done when you leawve
f/f the application.

hfile.Close();

return 0;



TLatex formula emulator L.

It
ffexample illustrating a TPaveText with Latex inside
gROOT->Reset();
TCanvas <¢l{"cl1");
TPaveText pt{.05,.1, .95, .8);

pt.2ddText {("#frac{2s} {#pi¥alpha~{2}} #frac{d¥sigma}{dcossitheta}l (e~{+}e~{-} #rightarrow f#bar{f} ) = %
#¥left| #frac{l}{l - #Delta%alpha} #right]|~{2} {(l+cos*{2}#theta)");

pt.2ddText({"+ 4 Re #left{ #frac{?2}{l - #Delta¥alpha} #chi{s) #[]1{#hat{ig}_ {#nu}"{els#hat{g} {#nu}~{f} »
{1 + cos*{2}#theta) + 2 #hat{g}_{a}"{el#hat{g}_{a}~{f} cos¥#theta) } #right}"};

pt.AddText ("+ 1b6¥left|#chi(s)¥right]|~{2}
#left[ (+hat{g}_{a}~{e} {2} + #hat{g}_{v}~{e}"{2})
{(#that {g}_{a}~{f}~{2} + #hat{g}_{w}i~{f}~{2})({1l+cos~{2}#theta)
+ & #hat{g}_{a}~{e} #hat{g}_{a}"~{f} #hat{g}_{v}"{e} #hat{g}_{v}"{f}cosktthetatright] "};

pt.SetLabel ("Born equation");
pt.Draw();

1

2S do
a2 dcosod

Born equation 'i

1 ‘2 reos’
‘1-&:;1 (1+cos 0)

(e'e" - ff) =

+4Re [ —2_y(s) [§4) (1+ cos’0) + 2 83, coso) |

~e ~f ~e ~f ]

~e2  ~e2  ~ff  Af
+ 16l y(s) I |:(ga +@,) (9, *+ 9,)(1+cos 60) + 8 g, g, g, 9,c0S6




TPrincipal

by Christian Holm Christensen /fiﬁ_

= Principal Components Analysis class
= Translation in C++ of LINTRA (cernlib)

= Extensive documentation at URL:
= http://root.cern.ch/root/html/TPrincipal.html

= Tutorial example
= $ROOTSYS/tutorials/principal.C
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TMultiDimFit

by Christian Holm Christensen /fiﬁ_

= MultiDimensional Parameterisation and Fit
= [ranslation in C++ of MUDIFI

= Extensive documentation at URL:
= http://root.cern.ch/root/html/TMultiDimFit.html

= Tutorial example
= PROOTSYS/tutorials/multidimfit.C

ROOT2001 Rene Brun ROOT Progress Report 11



New Histogram type TH1K 4

by Victor Perevoztchikov

TH1K class supports the nearest K Neighbors method, widely used in cluster analysis.

This method is especially useful for small statistics.
In this method : DensityOfProbability ~ 1/DistanceToNearestKthNeighbor

TH1K::TH1K(name,title,nbins,xlow,xup,K=0)

differs from TH1F only by "K"

K -is the order of K Neighbors method, usually >=3

K =0, means default, where K is selected by TH1K in such a way
that DistanceToNearestKthNeighbor > BinWidth and K >=3

Mem = 1 Hent = 201
Maad = 00BEZZ f Mean = DISEIT
RWS - 05816 e RMS = 09616
Chid { = 4744 7114 Chilt i = 3651 /2497
Consiant = 15231 89636 Constamt = 19426 = 05512
N Mean = 09085 D4 Moar = 018 & 000724
4 : | Sigma = 1250+ 302076
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Version 3.00

Constness in many classes (TObject)
TStreamerinfo

rootcint supports more complex C++
TFile::ShowStreamerinfo
TFile::MakeProject

Long_t portable format

Parallel Sockets

Many improvements in GUI

new TTreeViewer

new classes TBits TMultiGraph TXTRu, TH1K
Font size in pixels (precision 3)

new test suite bench

many new tutorials

ROOT2001 Rene Brun ROOT Progress Report
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ROOT classes are const aware £.

= We had to do it. Helps in making your functions const
= Has generated some backward incompatibility

= Warning: compilers are poor in reporting potential conflicts when redefining
functions in derived classes

~—7

wvirtual const char *ClassHame() const; Exam ple

virtual TObject *Clone(const char *newname="") const;

virtual Int_t Compare (const TObject *obj) const; D
virtual TObject *DrawClone (Option_t *option="") const;| TObJeCt
virtual TObject *FindObhject (const char *name) const;

virtual TObject *FindoOhject (const TObject *obhj) const;

virtual Option_ t *GetDrawOption() const;

virtual UInt_t GetUniqueID{) const;

virtual const char *GetHame() const;
virtual const char *GetIconMame() const;

virtual char *GetOhjectInfo(Int_t px, Int_t py) const;
virtual ULong t Hash{) const;
virtual Bool t InheritsFrom{const char *classname) const;
virtual Bool _t InheritsFromi{const TClass *¢l) const:
virtual Bool t IsFolder() const:
virtual Bool t IsEqual {const TObject *obhj) const;
wvirtual Bool t IsSortable() const { return kFALSE; }
Bool t IsOnHeap() const { return TestBit(kIsOnHeap); }
Bool © IsZombie() const { return TestBit(kZombhie); }
virtual woid l1s(0Option_t *option="") const;
virtual woid Print {Option t *option="") const;
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New class TBIts

const Int_ £t H = 100000;

TBits bhits(H);

for (Int £t 1i=0;i<<10;1i++) {
Int_t bhit = (Int_t) (gRandom—>Rndm()*H);
hits. SetBitHumber (bit, 1);

1

bhits.Print();

hits.Draw(]};

TFile f("bits.root", "recreate"):

hits.Hrite("bits");

ROOT2001 Rene Brun ROOT Progress Report
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New class TMultiGraph

¢l = new TCanvas("cl", "gerrors2", 200,10, 700, 500} ;
c¢l->82tFillColor(42);
cl->SetGrid();

ff draw a frame to define the range
_»'I'Hul tiGraph *mg = new THultiGraph()};
cl->GetFrame () —>SetFillcoloxr(21);
cl->GetFrame () —>SetBorderSize (12);

/f create first graph
Int_t nl = 10;
Double t =1[]
Double_t y1[]

{-0.22, 0.05, 0.25, 0.35, 0.5, 0.61,
{1,2.9,5.6,7.4,9,9.6,8.7,6.3,4.5,1};
Double t ex1[] {.05,.1, .07, .07,.04, .05, .06, .07, .08,
Double_t eyl[] {.8,.7,.6,.5,.4,.4,.5,.6,.7,.8};

grl = new TGraphErrorsinl,xl,y¥l,exl,eyl);
grl->SetHarkerColor (kBlue);

grl->SetHarkerStyle(21);

—Pp mg->Add{grl);

/{ create second graph
Int_ t n? = 10;
Float_t =2[]
Float_t w2[1]

{-0.28, 0.005, 0.19, 0.29, 0.45, 0.56,0.65,0.80,0.90,1.01};
{0.82,3.86,7,9,10,10.55,9.64,7.26,5.42,2};

Float_t ex?[] {.04, .12, .08, .06, .05, .04, .07, .06, .08, .04} ;

Float_t ey?[] {.6,.8,.7,.4,.3,.3,.4, .5, .6, .7};

gr2 = new TGraphErrorsin?, x2,vy2,ex?, ey?);

gr2->SetHarkerColor (kRed});

grZ->SetMarkerStyle (20} ;

_> mg—>Add {gr?};

—P mg->Draw(“"alp");
}

ROOT2001 Rene Brun ROOT Progress Report
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New geometry class TXTRU
by Robert Hatcher fi

A TXTRU example in Openlnventor S
XTRU is a poly-extrusion with fixed outline € Shapes

shape in x-y, a sequence of zextents seen in the X3D viewer
' and two end faces perpendicular to the z axis

—

X

EE EEIREEL

Rotx Raty | olly
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The Tree Viewer & Analyzer

=" TreeViewer [
Eile Edit Bun OQptions Help
Command Cption Histogram |htemp [ Hist [T Scan I Rec
| Current folder | Current tree : myTree
X —empty - W EventEBranch ﬁ fTracks fhass2 ﬁ fheazures[10]
Y -empty- 3 Mype(20] 5 fTracks fBx 5 TMatrix[4][4]
2 —empty - ﬁ TMtrack ﬁ fTracks TBy ﬁ fClozest Distance
05';5 —-empty - ﬁ fMseq ﬁ fTracks . fheanCharge
ﬁ' Scan bax ﬁ Thvertes ﬁ fTracks . frfirst
E<» —empty - ﬁ TRlag ﬁ fTracks fixlast
E<» —empty - ﬁ fTemperature % fTracks. fyfirst
E< —empty - 3 TEvtHor fEvtMum 3 fTracks fvlast
E¢» —empty - 3 TEvtHar fRun 3 fTracks fZfirst
E¢ 3 —empty - 3 fEvtHor fDate 3 fTracks fZlast
—emnpty - Wf‘l’rzu:ks ﬁ fTracks fCharge
ﬁ fTracks.fFx ﬁ fTracks. Mertex[3]
ﬁ fTracks fPy ﬁ fTracks . fMpaint
E<» —empty - ﬁ fTracks TPz ﬁ fTracks . Malicd
E<» —empty - ﬁ fTracks.fRandom ﬁ fH

0%

El@l IList |

DLis’[I | Leaf ; fTracks ffirst

- HESETl'

ROOT2001 Rene Brun
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Version 3.01 L.

— See talk
New class TBranchElement on Trees
= new branch style by default

= split/no-split mode symmetric
= Most restrictions in split mode removed
= [ClonesArray accept more complex classes

= Tree Friends Wyl

\ = Many improvements in TTreeFormul See talk
thanks Philippe Canal) — on Folders
= Trees can be generated from Folders

= Can read/query Trees without the classes
= Open Inventor Interface
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ROOT + Openlnventor

cl <2>
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ROOT and the WEB L.

= An Apache Web-server plug-in module is being
developed by Valeriy OnuChin.

= 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

= See talk by Valeriy Friday morning
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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
Persistent class Dictionary written to files

rootcint modified to generate automatic Streamers
can generate code for “DataObjects” classes in a file
Support for STL and more complex C++ cases

Trees take advantage of the new scheme 3.01
Can read files without the classes

3.00
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ROOT Data Base Model L.

= Put Event write-once data in an object store

= Via object.Write() or Trees in split/no-split modes
Combining

= Use a RDBMS for :
= Run/Event catalogs ROOT -
= Geometry, calibrations
Oracle

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

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

= Use PROOF for large-scale distributed physics
analysis

= Integration with the GRID model
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class TAxis . public
TNaned,
public TAtt Axis {

private:
I nt t f Nbi ns;
Axi s _t f Xm n;
Axi s _t f Xmax;
TArrayF f Xbi ns;
Char _t f Xl abel s;

rootcint

ROOT2001 Rene Brun

Old Streamers in 0.90/08 L.

voi d TAxi s:: Streaner ( TBuffer &b)

if (b.lsReading()) {

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

TAt t Axi s:: Streaner(b);

b >> f Nbi ns;

b >> fXm n;

b >> f Xmax;

f Xbi ns. Streaner (b) ;

} else {

b. WiteVersion(TAxis::IsA());
TNaned: : St reaner (b) ;

TAt t Axi s:: Streaner(b);

b << f Nbi ns;

b << fXm n;

b << f Xmax;

f Xbi ns. Streaner (b) ;
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class TAxi s publ i c TNamed,
public TAtt Axis {

private:
I nt _t f Nbi ns;
Axi s t f Xm n;
Axi s _t f Xmax;
TArrayF f Xbi ns;
Char _t *f Xl abel s;
I nt _t fFirst;
Int t f Last;
TString f Ti meFor mat ;
Bool _t f Ti meDi spl ay;
Thj ect *f Par ent ;

rootcint

ROOT2001 Rene Brun

Old Streamers In 2.25

voi d TAxis:: Streanmer(TBuffer &R __b) {
unt t R_s, R _c;
if (R_b.IsReading()) {

—» Version_t R_v = R_b.ReadVersion(& __s, &R _c);

TNamed: : Streaner (R__b);
TAtt Axi s:: Streaner (R__b);
R b >> fNbins;
R b >> fXmn;
R b >> f Xmax;
f Xbi ns. Streaner (R__b);
—» if (R_v >2) {
R b >> fFirst;
R b >> flast;
}
> if (R_v > 3) {
R b >> fTinmeDispl ay;
f Ti meFormat . Streaner (R__b);
} else {
Set Ti meFor mat () ;
}
—» R__b. CheckByteCount(R__s, R_c, TAXis:
} else {
—P» R _c = R_b.WiteVersion(TAxis::IsA(),
TNaned: : Streamer (R__b);
TAtt Axi s:: Streamer (R__b);
R b << fNbins;
R b << fXmn;
R b << f Xmax;
f Xbi ns. Streaner (R__b);
R b << fFirst;
R b << flast;
R b << fTinmeDispl ay;
f Ti meFormat . Streaner (R__b);
> R _b. Set ByteCount (R__c, KTRUE);
}
}

t1sA());

kTRUE) ;



class TAXis :
public TAtt Axis {

private:
I nt _t
Axi s t
Axi s _t
TArrayF
Char _t
I nt _t
I nt _t
TString
Bool _t
Thj ect

publ i c TNamed,

f Nbi ns;

f Xm n;

f Xmax;

f Xbi ns;

*f Xl abel s; /]!
fFirst;

f Last;

f Ti mreFor mat ;

f Ti meDi spl ay;
*f Par ent ; /]!

rootcint
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New Streamers in 3.00 L.

voi d TAxi s:: Streamer (TBuffer &R __b)

{

/1l Stream an obj ect of class TAxis.

if (R_b.IsReading()) {
unt t R_s, R _c;
Version_t R_v = R _b.ReadVersion(& s, &R c¢);
if (R_v >05) {
— > TAxi s::Cl ass()->ReadBuffer(R_b, this, R_ v, R s, R c¢);

return,;
}
/| ====process ol d versions before automati c schema evol ution
// ====end of old versions
} else {

TAXis::Class()->WiteBuffer(R _b,this);

}
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Support for more complex C++

enum {kSi ze=10};

char

I nt _t

I nt t

I nt _t

U nt _t

Fl oat t

Fl oat t
Doubl e_t
TString
TString
TAXi s
TAXi s
TAXi s
TAXi s
TAXi s
TDat i me
Event Header
TObj Array
TCl onesArray
THLF
TArrayF
TArrayl

f Type[ 20] ;

f Nt rack;

f Nvertex;

f X[ kSi ze] ;

f Fl ag;
fMatrix[4][4];
*f Di st ance;

f Tenper at ur e;
*fTstringp;

f Nanmes[ 12] ;

f Xaxi s;

f Yaxi s[ 3] ;
*f Vaxi s[ 3] ;

*f Paxi s;

**f Qaxi s;

f Dat i ne;

f Evt Hdr ;

f Qbj Array;
*f Tr acks;
*fH,

f ArrayF;
*fArrayl ;

............. . (see next)

ROOT2001 Rene Brun

=

| L
i
e

-

/larray of 20 chars
/ I nunber of tracks

/ I number of vertices
/lan array where dinension is an enum
//bit pattern event flag

/la two-dimarray

I1[fNvertex] array of floats of
[/ event tenperature
[1[fNvertex] array of TString
/larray of TString

/ I exanpl e of class derived from TObj ect

/larray of objects

[/ pointer to an array of TAxis

/1[fNvertex] array of TAxis of Iength fNvertex
/1[fNvertex] array of pointers to TAXxis objects
//date and tine

/I exanpl e of class not derived from TObj ect

/1 An object array of TObject*

/'l -> array of tracks

/] -> pointer to an histogram

/lan array of floats

/la pointer to an array of

| ength fNvertex

I nt egers
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Support for STL

vect or <i nt >
vect or <short >
vect or <doubl e>
vect or <TLi ne>
vect or <T(bj ect >
vect or <TNamed>
deque<TAtt Li ne>
i st<const TOhject*>
list<string>
list<string *>
map<TNaned*, i nt >

map<TString, TLi st *>
map<TAXi s*, i nt >

set <TAxi s*>

set <TAxi s*>

mul ti map<TNaned*, i nt >

mul ti set <TAXi s*>
string

string

UShort Vect or

ROOT2001 Rene Brun

fVectorint; [/ STL vector on ints
f Vect orshort; /I STL vector of shorts
f Vector D 4] ; /larray of STL vectors of doubles
f Vect or TLi ne; /1| STL vector of TLine objects
*f Vect or Tobj ect ; /1|] pointer to an STL vector
*fVectorTnaned[6]; //|| array of pointers to STL vectors
f Deque; /| STL deque
f Vect or Tobj ectp; //STL list of pointers to objects
*fListString; /1 STL list of strings
fListStringp; [/ STL list of pointers to strings
f MapTNanedp; /1 STL map
f MapLi st ; /1 STL map
*f MapTAXi sp; [l pointer to STL nmap
f Set TAXi s; /| STL set
*f Set TAXi sp; [l pointer to STL set

fMul ti MapTNanedp; //STL nul ti map
*fMul ti Set TAxi sp; //pointer to STL nultiset

fString; /| C++ standard string
*fStringp; [/ pointer to standard C++ string
f Ushort; //class with an STL vector as base cl ass
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Complex STL use not supportedl
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Self-describing files A

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

= ROOT files can be read by foreign readers (see
presentation on JavaRoot (Tony slides)

= 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 TFile::MakeProject
Root >TFile f(*demo.root”);
Root > f.MakeProject(“dir’,”*”,"new++");
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Streamerlinfo

root [8] f.Hap()
20010523/120223
20010523/120223
20010523/120223

[20010523/120230
20010523/120230
20010523/120230
20010523/120230
20010523/7120230
20010523/120230
20010523/120231
20010523/120231

At:
At:
At:

At:
At:
At:
At:
At:
At:
At:
At:

b4
1848
299

1739750
1739962
1740078
1802448
1811549
1825610
1825792
1825865

ROOT2001 Rene Brun

TFile
TBasket
TBasket

TBasket
TBasket
TTree
ATLFast
StreamerInfo
KeysList
FreeSegments
EHD

ROOT Progress Report
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Showing classes In a file
TFile::ShowStreamerlnfo

Root > f. ShowStreaner| nfo()

StreamerInfo for class: ATLFHuon, wersion=1

BASE TObject offset= 0 type=66 Basic ROOT chject
BASE TALL3D offset= 0 type= 0 3D attributes
Int_t m_KFcode offset= 0 type= 3 Huon KF-code
Int_t m_HCParticle offset= 0 type= 3 Huon position in HMCParticles list
Int_t m_KFmother offset= 0 type= 3 Huon mother KF-code
Int_t m_UseFlag offset= 0 type= 3 Huon enerqgy usage flag (0 for used in clusters)
Int_t m_Isolated offset= 0 type= 3 Huon isolation (1 for isolated)
Float_t m_Eta offset= 0 type= 5 Eta coordinate
Float_t m_Phi offset= 0 type= 5 Phi coordinate
Float_t m_PT offset= 0 type= 5 Transverse enerqgy
Int_t m_Trigger offset= 0 type= 3 Result of trigger
StreamerInfo for class: ATLFElectron, wersion=1
BASE TObject offset= 0 type=66 Basic ROOT chject
BASE TALL3D offset= 0 type= 0 3D attributes
Int_t m_KFcode offset= 0 type= 3 Electron KF-code
Int_t m_MCParticle offset= 0 type= 3 Electron position in HCParticles list
Int_t m_KFmother offset= 0 type= 3 Electron mother KF-code
Float_t m_Eta offset= 0 type= 5 Eta coordinate
Float_t m_Phi offset= 0 type= 5 Phi coordinate
Float_t m_PT offset= 0 type= 5 Transverse enerqgy
StreamerInfo for class: ATLFPhoton, wersion=1
BASE TObject offset= 0 type=66 Basic ROOT chject
BASE TALL3D offset= 0 type= 0 3D attributes
Int_t m_KFcode offset= 0 type= 3 Photon KF-code
Int_t m_MCParticle offset= 0 type= 3 Photon position in HCParticles list
Int_t m_KFmother offset= 0 type= 3 Photon mother KF-code
Float_t m_Eta offset= 0 type= 5 Eta coordinate
Float_t m_Phi offset= 0 type= 5 Phi coordinate
Float_t m_PT offset= 0 type= 5 Transverse enerqgy
StreamerInfo for class: ATLEFJet, wersion=1
BASE TObject offset= 0 type=66 Basic ROOT chject
BASE TALL3D offset= 0 type= 0 3D attributes
Int_t m_KFcode offset= 0 type= 3 Jet KF-code
Int_t m_Hecells offset= 0 type= 3 Humber of cells used for reconstruction
Int_t m_MNparticles offset= 0 type= 3 Humber of particles assigned to jet
Int_t m_Part offset= 0 type= 3 Position in HCParticle list of matching b-quark/c-oqu
Float_t m_Etal offset= 0 type= 5 Eta position of initiator cell
Float_t m_Phi0 offset= 0 type= 5 Phi position of initiator cell
Float_t m_Eta offset= 0 type= 5 Eta of jet bary-center
Float_t m_Phi offset= 0 type= 5 Phi of jet bary-center
Float_t m_FPT offset= 0 type= 5 Transwerse momentum of jet
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Automatic Schema Evolution

Shared Lio v shorerilin  Shared Liow?  MOREFTORCT

1)

2)
3)

4)

9 94949 §

3)

ROOT2001 wene Brun

A, Missing A A,

B,
-
D

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.

Reading a file with a shared library that is missing a class definition ( i.e.

missing class D).

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

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.

Reading a file with a shared library built with MalkeProject. 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 (MzakeProject is explained in detail later
on).

RUU | Progress Keport
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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 O 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.

B) Add or remove a base class

Parsistent In-memony

Clogs A v Closs Bl—(6)-
int ¢ %

int o €3

Tloar T

Wy Closs *e (4]

float o r——“‘ﬂ

Wy Clcss g — |
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root. [0] TFile f{"atlfast,root":

in
in
in
in

Warnihg

Wart hg

We ing

ing

1ing in

1ihng in

= :?'n

The system i
warns you

when opening
a file

and the class library

IS missing A

Narniné '

Warning i

Warning i
root [11 J§

S 33 33333

ROOT2001 Rene Brun

<TClasz::TClazs>:
<TClasz::TClazsx:
{TClazz::TClass>?
{TClaz=z+:TClassx>?
<TClazz::TClazs>:
<TClasz::TClazs>:
<TClasz::TClazs>:
<TClasz::TClazsx:
{TClazz::TClass>?
<TClaz=z::TClass>?
<TClazz::TClazs>:
<TClasz::TClazs>:
<TClasz::TClazs>:
<TClasz::TClazsx:
{TClazz::TClass>?
{TClaz=z::TClass>?
<TClazz::TClazs>:
<TClasz::TClazs>:
<TClasz::TClazs>:
{TClasz::TClazsx:
<TClaz=z+:TClassx>?

ala]
gl
]
o
gl
ala]
o
gl
]
o
gl
ala]
o
gl
]
gl
gl
ala]
o
gl
]

Missing Classes

dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary
dictionary

for
for
for
for
far
for
for
for
for
for
far
for
for
for
for
for
far
for
for
for
for

ROOT Progress Report

class
class
class
class
class
class
class
class
class
class
class
class
class
class
class
class
class
class
class
class
class

TMCParticle iz available
ATLFMuon iz awailable
ATLFElectron i= awailable
ATLFPhoton is available
ATLFJet iz available

ATLFMi=c iz awailable
ATLFTrigger is available
ATLFTrack is awailable
ATLFazt i= awailable
ATLFHMCHaker is awailable
ATLFMaker i= awailable
ATLFClustertaker is awailable
ATLFCluster iz available
ATLFMuonMaker is awailable
ATLFElectronMaker i= awailable
ATLFPhotonMaker iz awvailable
ATLFJetMaker iz awailable
ATLFMizcMaker is awailable
ATLFTriggertaker iz available
ATLFTrackHaker iz available
ATLFHi=tBrowser iz awvailable
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====== EVEMT:4h

flniqueIl =0

£Rits = 0331648

FTypel20] =116 1271 112 101 48 0000000000000 00

fHtrack = k09

fH=eq = BOEE

fHyertes =

fFlag =1

fTemperature = 20,529432

fEvtHdr , FEvtNum = 45

fEwtHdr , fRun = 200

FEwtHdr,fDate = 960312

fTracks = k09

FTracks, FPx = -0,077692, -2,675042, 1,130895, 2.005905, —0.209354, 0.988875, -1.732411, -1.119741, -0.520420, —0.378065

fFTracks, Py = 0,332117, 0,482753, -0,789722, -0 ——

FlrockefPe = 0.341085, 2.BEGTE0, 1.379341, 3.0 LA 1 MRS BV
fTracks.fRandon = 523,431580, 523,431580, 523,43158 Fjle Wiew Options Help
fTracks,fiass? = 8,900000, §,900000, 8,900000, 8,9

£Tracks, FEx = -0,042621, 0,069631, -0,141954, 0|amacks

FTracks, Fly = 0,001728, 0,116303, 0,046655, -0,

fTracks,fHeanCharge = 0,001209, 0,001738, 0,006525, | All Folders |C|:|ntents of " fTieventfTracks"

fTracks,Fifirst = 2,002400, 0,549265, -1,027004, -9

fTracks,f¥last = 5,749741, 15,938519, 0,260784, 14 gmt 3 fTracks B 3 fTracks By 3 fTracks fCharge
fTracks, Freirst = 10,398095, 2,455057, 16,579025, - | homeibrunioot ftest ;
Flracks,FYlast = =7,106707, 13,617641, 12,946393, | — oo o Py frocks Mass2 -y Mlracks.fMeanCharge § Mlracke flpoint
fTracks,FZfirst = 56,0846382, 39,277451, 47,035370, |= 3 fracks 1P 3 fTracks 1Py 3 fTracks 1Pz
fracks.fZlast = 211,798606, 213,753479, 217,62054 | £ Eventroot &b fTracks fRandom 3 TTracks falid s Tracks Tertex[3]
£Tracks, Fharge = 0,000000, 0,000000, 1,000000, 0,0 E-EaT

FTracks. fYertex[3] = -0,181014 0,105711 -20,070364 ; Rk MTracks fifirst R Tracks filast 3 Tracks Pfirst
0,034767 0,006083 -3,769124 , -0,119004 003086080 -1, =-event 5y fTracks frlast s fTracks f2first 3 fTracks f7last
79879 , -0,1FG064 0,044276 -9, 960069 ([ TObject

fTracks,fMpoint = B4, B0, BB, B1, 62, B1, B2, B4, B i

fTracks,f¥alid =1, 0,1, 0, 1,1, 0.1, 0,1 ;

£H = (THLF*)Bad3ed)

fHeasures[10] = 205251 14 13 9 11

fiatrix[4104] = -0,628079 0,530725 -0,786688 0,00 [13 Dpiects. | I

D000 01, QOG0

read/query Trees without the classes

|| —
ot Eﬁ] TFile f{"Event,root"}

Warning in <TClas=z::TClasszr: no dictionary for clazs Event iz available
Warning in <TClass::TClass>: no dictionary for class EventHeader iz awailable
Warning in <TClas=::TClassr: no dictionary for clazs Track is available

root [11 T,Showid4q}

fClozsestlistance = 1,441?Ui 1, 708780 -0,650489 1,539076 0,804130 0,048241 -0,594909
root [2] new TBrowser
fclaszs TBrowsersi(xB807460

root. [31 ]




read/query Trees without the classes

root [0] TFile f{"Ewvent.root"™)

Harning in <TClass::TClass>: no dictionary for class Event is awvailable
Harning in <TcClass: :TClass>: no dictionary for class EventHeader is awvailable
Harning in <TcClass: :TClass>: no dictionary for class Track is available

root [1] T.Draw("fPx")

root [?2] TLeaf *leaf = T.GetLeaf("ftHtrack")

root [3] T.GetEntry(123)

root [4] leaf->GetValue()
(const Double t)5.99000000000000000&+02

root [5] leaf->GetBranch()->GetEntry({89)

root [6] leaf->GetValue()
{const Double t)6.07000000000000000e+02
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TFile::MakeProject AL

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.s0 has been generated

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

m_KFcode 1 Electron EKF-—code
m_HCParticle Electron position in HCParticles list
m_KFmother Electron mother KF-—code

1
b
0
m_Eta 0 Eta coordinate

m_Phi 0 Phi coordinate

m_FPT 0 | Transwverse energy
fUniquelID 0 ohject unique identifier
fBits 50331648 hit field status word
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TFile::MakeProject AL

FEETFEEETTT LRI TEEE TR ETET T ERET I E AT i T ETTiiiiiifiediiss A" necessary

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

Iy (Hon May 28 19:34:37 2001 by ROOT wersion 3.01/03) r1EBEi(jEBr f"EEES
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]Eer]tE;
public:
Int_t mn_KFcode F/Electron KF-—code ) F)rEBESEBr\/EBCj
Int_t m_HCParticle; ffElectron position in HCParticles ! :
Int_t m_EFmcther; FfElectron mother KF-—code
Flocat_ t m_Eta; FfEta coordinate
Flocat t m_Phi; F/Phi coordinate
Float_t m_PT: //Transverse energy
ATLFElectron() {;}
wirtual ~ATLFElectron() {;} Can do I/O
ClassDef (ATLFElectron, 1) 7/
,. Inspect
#engliét!EEImp{RTLFE].ectIOH:I Browse,etc
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The Test suite “bench”

(example on fcdfsgi2 with KAl compiler)

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

o ok oo ol ok ok okl ol okt okt gl ol okt ok gl ol okt okt gkl ok ok okl ol ok okl ol obe ok ok b ok ok gk okt ok okt gk oo ok oo gt oMok gl ke ok ok ok ke ok ok ol okt ookl ok o okl ol okt okl ol okt ok gl ol okt ok

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

ke ooke ok ok ol ok ok okt ok okl ke ok ok okt ok okl ok ok okt ok okl nkookoobe ol ol ol akookonkooke ok ok ol alonkonkooke ok ok okt e nonl ook ok ok okt ke koo ok ok ot oo ok ol ke skeooke okt okt ok ol ke e ok ok okt ok ol

* yector<THit> 2.16 1.91 4.57 4.57 £

* yector<THit*> 2.36 1.86 4.56 4.57 *

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

* TCloneshrray({TObhjHit) split 1.98 1.62 b.76 6.75 2 i
:Ic:Ic:Ic:l::lc:lc:lc:lc:lcﬂcﬂcﬂcﬂc!}c’iﬂcﬂcﬂc}cﬂcﬂcﬂclﬂcﬂcgﬂcﬁ:Icnlcnlc:Ic:k:k:k:lc:lc:lc:lc:Icnlcnlcnlc:lc:lc:lc:lc:lc:lc:lc:lcnlcnlcnlckkkkk*ﬂcﬂcﬂcﬂc**ﬂcﬂcﬂcﬂcﬂcﬂcﬂcﬂcﬂcﬂcﬂcﬂc Be.tter Corrpr eSSI on
* gize of file in bytes comp 0 Reference comp 1 Reference 2 wth Td onesAr ray
ke ooke ok okl ke ok ok okt ok okl ke sk ok okt ok okl e sk ok okt okt okl nkookoob ol ol ol akonkonkooke ok ok ol alonkonkooe ok ok okt e ononl oo ok ok okt ke koo ook ok ok o oo o ol ke sk ok okt oo ok ol ke ke ok ok okt ok ol

* yector<THit> 42053031 42053031 9213642 9213459 £

* yector<THit*> 42079941 42079941 9220556 9215935 *

* TClonesArray(TObjHit) 39807325 39807325 5878130 5892837 =

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

RO R DR DR DM MM R DR DR DM DM MR DR DR DM DM MDD DR DM DM MR DR DR DR DR oM DR DR DR DM DM M 0 D DR DM M MR DD DR DR DR DM 0 DR DRC DR DM MR DO DR DM DM M

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

ok ok ok ol ok ok ok ok ol ok ok oo ok ol koo oo ok okl ok ok ok ok ok ok ok ok ookcookc ok ol ok oo ook oM okt ook ok oR ok ke koo ok ok oo oo ol ol ok ok oo oo ok ol ok ok okt ok ok

* yector<THit=> 2.63 1.74 9.34 9._58 £ ]

* yector<THit*> 2.47 1.80 9.44 9.62 & Better wite

* TClonesArray(TObjHit) 1.33 1.60 h.45 7_32 * .

* TClonesArray(TObjHit) split 1.23 1.51 5.46 6.18 : with TA onesArray
o R R R R R T T

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

ko ok ok ol ok ok ok ok ol ok ok ok oo ok ol ok ok oo ok ol ok ok ok ok ok ok ok ok ookookc ok ok ok ook ook ok okt ook ok ok ok ke koo ok ok ok oo oo ol ol oo ok oo oo ok ol ok ok okt ok ok

* yector<THitz> 3.03 2.29 4.24 3.67 &

* yector<THit*> 3.01 2.10 4.28 3.27 2

* TClonesArray({TObjHit) 1.34 1.53 1.88 2.14 *

* TClonesArray(TObjHit) split 1.356 1.356 1.88 1.9a Miuch better read
o R R R R R T T A .

* Total CPU time 82.14 76.33 * with Td onesArray
* Estimated ROOTHARKS 185.85 200,00 &

ok ok ol ok oo okt gl ol okt ok gl ol okt okt ol okt ok gkl ok ok okl ol ok ok ol obe ok ok ok ok ok gk ok ok ok gkt ok oo gl o ok ok gl ke ok ok ok ke ok ok ol okt ookl ol ookl ol okt okl ol okt okl ol okt ok
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1

inux 6

fill collections

Root 3.01/03
56 MEST 2001

33
tebrun.cern.ch RedHat L

Il 650 Mhz 256 Mbytes RAM, IDE disk)
(send your results to rootdev@root.cern.ch)

Time to

th TClonesArray

19 #1 Tue May 15 12

2.
ine pcho

Comparing STL vector wi
(Pentium

Linux pcnotebrun 2

legend

Reference mach

L] L]
ja 2 S
8 @ @
B S 2
@ = =
=l E E
= =
|5 = 5
=
o £ E
a [

: g : : I Pt H I g 2 : : :
Srnhouiey | 0| mimabersuaned | o || Miuunietetues) | o | St
G o] erecenreecsrcrceor I B EEvtvteatetoreteututotes BN | EEten s oo huu oo seces
SO | @ || I oisieleleiiivinieleelel isieleleiinietelelelel
S = soossssanand | |2 mmmmmmmmw&ﬂﬁ ] [eistetetetotatotetetatelyl
. =(| 5 £
i =1 & =
. N— T — - I—— =
SRR ssvzesneireerere I ol [BeSorozomozevmzorazezore:

R, S e ] S o]

SIS oieietete e teleTs oisieleleiiivinieleelel

I SR Fatesateietatetutetetotel

saphgeliapy SPNRIEE
£ - = =
g S @ 7

R = m @ @l
f.u_.. : a = =
A3 2 £ £
H= i o= =] =
m & E o x]
¥ 3 2 3
£ = Q =

= f=1

= ]
p b | e s
e = etaterervterereiorore IR I | Eeserstoteteroreterareress
@ o | Hatasaasanns] | of| Slaannnaiansd
iereteletetaintetetels I B IRetetetetetatotutelatotels
2|l Sassasssansad | m%ﬂ%ﬂﬂﬂﬂ%ﬂﬂﬁ @ mmwmwmwm&%&ﬁ
= £ = miiiiédeﬂﬁcﬂ
- P || 350525030050545¢34030
iseietiteteiety
:333333?&&&&

.E ™ = S
E .

sayAgeliay SPNOIBT




Makefiles AL

= 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 [F32] 13 “/rootsconfig

ARCHS Makefile.freebsdd Makefile.linuxdeb2 Makefile.linuxsuset Makefile.solarisCCh
CWS Makefile.hpux Makefile.linuxdeb2ppc  Makefile.lyn=os Makefile.zolariseqgcs
Makefile.aix Makefile.hpuxacc Makefile.linuxegcs Makefile.macosy Makefile.solarisgcc
Makefile.aixeqgcs Makefile.hpuzegcs Makefile.linuxiagd4gce  Makefile.mklinus Makefile.solariskce
Makefile.alphacxx6 Makefile.in Makefile.linuxiagd4sgi Makefile.sgicc Makefile.win3z
Makefile.alphaegcs Makefile.linus Makefile.linuzkcc Makefile.sgiegcs config.in
Makefile.alphakcc  Makefile.linuxalphaegcs Makefile.linuxpgcc Makefile.sgikce root-config.in
Makefile.config Makefile.linuxarm Makefile.linuxppcegos  Makefile.sgin3dZegos rootro.in
Makefile.freebsd Makefile.linuxdeb Makefile.linuxrh42 Makefile.zolaris
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Download source, Binaries L

Intel 286 Linux for Redhat 70 (glibc 2 2pre) and goc 2 .96 (patched), wersion 3.00/0a (7.2 MB), Hew

Intel 286 Linux for Mandrake? 2 and goc2 95, version 30100 (7.9 MB). Hew

Intel =88 Linux for Redhat 8.1 (glibc 2.1% and egesl. 1.2, version 3.01/03 (8.5 MB), Hew .

Intel x86 Linuz for Redhat 5.0/5.1/5.2 (glibc) and eges 1.1.1, version 3.01/03 (8.3 MBY. New 20 binary
Intel [tanium Linuz for Redhat 7.0 (glibc 2.2} and gee 2.96, version 3.00/06 (9.0 MB). Hew tar balls
HP-UX 10.20 with aC'C (v1.18), version 3.01/03 (12.3 MB). new + source

Compag Alpha O8F1 with cxx 8.2, version 301,03 (89 MB), e

Compag Alpha OSFL with eges 1.1.2, version 3.01,/03 (10.1 MB). Hew
Compaq Alpha Linus with eges 1.1.2, version 30006 (11.0 MB),  HEw
Compag iPAQ PocketPC Limue with gec 2.95, version 3.00/05 (6.7 MB). nHew

For more on Linux on iP 4 Q see www.handhelds.org,
AT 4.3 with 21C, version 301,03 {11.2 MB, works only on ALK 4.3), HEW

o Bun SPARC Solaris 2.6 with CC5.0, version 3.01/03 (9.7 MB). new

It cannot be used with Solaris 2.7 or 2.8 even using the same compiler version. You must recomnpile from the source on
these two systerms,

o Bun SPARC Solaris 2.8 with CC5.2, version 3.01/03 (9.7 WMB). new

[t cannot be used with Solaris 2.6 even using the same compiler version. You must recompile from the source on these
o systerms,

SG1IRIX 6.5 with CC, version 3.01/03 {compiled with —n32) (10.2 MB). Hew
SG1IRIE 6.5 with g++ 2952, version 3.01,03 {114 MB). new

SG1IRIX 6.5 with KCC, version 3.01/03 (9.8 MB). new

LinuzPPC/2000 {glibc 2.1} gee 2.95, version 3.01/02 (7.8 MB). New

Thanks to Darmnir Buskulic (buskulic@lapp.in?p3 fr) for building this version,
Windows/NT/2598 with VO++ 6.0, wversion 3.01/03 (good old tar file) (9.3 MB), Hew

o Windows/NT/25/98 with VC++ 6.0, compiled with debug infe, version 3.01/03 {good old far file) (9.3 BB}, Hew
o Windows/NT/S 528 with ¥C++ 6.0, version 3.01/03 (built with InstallShield) (2.1 MB), new
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114,000 binaries
| ROOT distribution statistics | FriJun 8 18:01:47 2001
download 1q:mt1.uu 1qqﬂ2.uu mjﬂg
I
_ g 40000
650,000 clicks [T — 1.
per month gguuuu_ ................ ,
E 25000 1 gl FI'Pidistributinn;: 114072
n 20000 (ROOT binaries only)
15uuu_ -------- --------
10000 — é --------
5000 £l Sl — 1 T
O - : ||||i=||||i|||ﬁlx43|
150 200 250

weak number
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