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Project History
Jan 95: Thinking/writing/rewriting/???

N o v em b er 95: P u b l ic  s em inar,  s ho w R o o t 0 . 5

S p ring 96 : d ec is io n to  u s e CINT

Jan 97 : R o o t v ers io n 1 . 0

Jan 98 : R o o t v ers io n 2 . 0

M ar 99: R o o t v ers io n 2 . 2 1 /0 8  ( 1 s t R o o t wo rks ho p  F N A L )

F eb  0 0 : R o o t v ers io n 2 . 2 3 /1 2  ( 2 nd  R o o t wo rks ho p  C E R N )

M ar 0 1 : R o o t v ers io n 3 . 0 0 /0 6

Ju n 0 1 :  R o o t v ers io n 3 . 0 1 /0 5 ( 3 rd  R o o t wo rks ho p  F N A L )

Jan 0 2 : R o o t v ers io n 3 . 0 2 /0 7  ( L C G  p ro j ec t s tarts : R TA G s )

O c t 0 2 : R o o t v ers io n 3 . 0 3 /0 9 ( 4 th R o o t wo rks ho p  C E R N )

A p r 0 3 : R o o t v ers io n 3 . 0 5/0 4  

8 years !!
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CVS activity

119612 5 810 6418 8 1

CVS

l o g  l i n e s

p e r  

m o n t h

16115 915 62 2 6

CVS

Ch a n g e s

p e r  

m o n t h

2 0 0 32 0 0 22 0 0 12 0 0 0
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ROOT I/O

Recent Developments in CVS

N ew  d evelopments
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ROOT I/O Developments
Foreign classes

Classes that have not been instrumented for 
R O O T  in any  w ay

T hey  c an now  be stored in R O O T  files

J ust g enerate a dic tionary

V ery  useful for 3 rd p arty  libraries

E m u l a t ed  classes

R O O T  files are “ self- desc ribing ”

T his information c an be used to emulate c lasses 
for w hic h the ac tual c ode is not available w hile 
reading
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ROOT I/O Developments (2)
TRef,  TRefA r r a y

Designed as light weight entities

V er y  f ast der ef er enc ing ( dir ec t ac c ess tab les)

P o ly m o r p hic

BA

TBuffer b1;

A.Streamer(b1) 

TBuffer b2;

B.Streamer(b2)

TRef

C++ pointer Duplicated

Saved only once
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CINT / r o o t c i n t
rootcint

Improvement in handling of templates in general 
and S T L  c ontainers in partic u lar

Introdu c e I/ O  for foreign c lasses

E nhanc ement for mu ltiple inheritanc e

C I N T  im p rov e m e nts

V ery  long list of enhanc ements:  
http: / / root. c ern. c h/ root/ C int. phtml? relnote
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TTree i m p ro v em en t s
Creating branches from collection of objects.

S p lit algorithm imp rov ed  
For complex cases of inheritance or composition.

T T reeF ormu la enhancements 
D raw ing  T B its

C u stom H istog ram S iz e

S pecial v ariab les ( E ntry  # ,  I teration # ,  etc.)

A u tomatic file ov erflow
W hen file reaches u ser specified  maximu m

C reate a new  file:  w ith " my file.root" ,  su b seq u ent 
files are named  " my file_ 1 .root" ,
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ROOT I/O new developments

Lifting remaining limitation of foreign class I/O 
imp lementation.  

E nh ance su p p ort for S T L container  ( V ictor &  P h ilip p e)

New I/O mechanism

S p l it  v ect o r /l ist  

E nab l e emu l at io n o f  S T L  co nt ainer

S u p p ort for large file ( more th an 2 G b )  

S u p p ort for X M L interch ange format.

A u tomatic class ch eck su m rep lacing th e C lassD ef class 
v ersion nu mb er
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TTree new developments
STL list/vector  (Victor & Philippe)

Split mode

E mu la ted c la s s  mode

TTree: : D ra w in g  a  u ser f u n ction
W ill a llow  th e u s er  to pr ov ide a  f u n c tion  w h ic h  w ill b e 
ex ec u ted f or  ea c h  en tr y  of  th e T T r ee in  a  c on tex t s u c h  
th a t th e b r a n c h  n a me c a n  b e u s ed to r ea d th e v a lu es  
in  th e b r a n c h

B r a n c h es  w ill b e r ea d on ly  if  a c c es s ed

T h e f u n c tion  c a n  u s e a r b itr a r y  C + +

T h e r etu r n  v a lu e of  th e f u n c tion  w ill b e h is tog r a mmed
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PROOF
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PROOF

System for the interactive analysis of very large sets 
of R O O T  d ata files on a clu ster of comp u ters

T he main d esign goals are:
transparency, scalability, adaptability

A llow s:
parallel analysis of trees or object in a set of files

parallel ex ecu tion of scripts

on a clu ster of heterogeneou s machines
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PROOF - A r c h i t e c t u r e

Data Access Strategies
Local data first, also rootd, rfio, S A N / N A S

T ran sp aren cy

I n p u t ob j e cts cop ie d from  clie n t

O u tp u t ob j e cts m e rg e d, re tu rn e d to clie n t

Scal ab il ity  an d  Ad ap tab il ity

V ary  p ack e t siz e  ( sp e cific w ork load, slav e  
p e rform an ce , dy n am ic load)

H e te rog e n e ou s S e rv e rs

M igrate to  m u l ti site co n f igu ratio n s
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PROOF Scalability

32 nodes: dual Itanium II 1 GHz CPU’s,
2 GB  R A M , 2x 7 5  GB  15 K  S CS I disk ,
1 F ast E th , 1 GB  E th  nic ( not used)

E ac h  node h as one c op y  of  th e data set
( 4  f iles, total of  27 7  M B ) , 32 nodes:
8 . 8  Gb y te in 128  f iles, 9  million ev ents 

8.8GB, 128 files

1 n o d e:  3 25  s

3 2 n o d es in  p a r a llel:  12 s
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PROOF and Data Grids

Many services are a good fit

Authentication

F il e C atal og ,  r ep l ication s er v ices

R es our ce b r ok er s

M onitor ing

→ U se ab stract interfaces

P h ased integration

S tatic conf ig ur ation

U s e of  one or  m ul tip l e G r id  s er v ices

D r iv en b y  G r id  inf r as tr uctur e
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GRID and ROOT
TGrid:  A b s t ra c t  in t e rf a c e  t o  GR I D  s e rv ic e s

TA l ie n :  a n  im p l e m e n t a t io n  o f  TGrid

P ro o f  c a n  u s e
Grid Resource Broker 

Grid F il e C a t a l og ue 

Grid M on it orin g  S erv ices

C on dor

R e m o t e  F il e  p ro t o c o l  im p l e m e n t e d:
C h irp  (C on dor)

D C a ch e (D esy ,  C D F )

RF I O (C a st or,  C E RN )
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Different PROOF– G RI D S c ena rio s

Static stand- al o ne

Current version, static conf ig f il e, p re-instal l ed

D y nam ic,  P R O O F  in co ntr o l

U sing  g rid  f il e catal og  and  resource b rok er, p re-
instal l ed

D y nam ic,  A L iE n in co ntr o l

I d em , b ut instal l ed  and  started  on th e f l y  b y  A l iE n

D y nam ic,  C o ndo r  in co ntr o l

I d em , b ut al l ow ing  in ad d ition sl ave m ig ration in a 
Cond or p ool
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Authentication Issues

Both rootd a n d  proofd d a e m on s  n ow  

s u p p or t w i d e  a r r a y  of  a u the n ti c a ti on  
s e r v i c e s  ( G e r r i  G a n i s ) :

Clear password, u i d/ g i d m at c h i n g , S R P , 
K erb eros, G lob u s, ssh

T i c k e t f or w a r d i n g  i n  a  P R O O F  
e n v i r on m e n t n ot e n ti r e l y  tr i v i a l
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rootd/proofd:  i m prov e d a u th e n ti c a ti on  fe a tu re s
B y  G e rri  G a n i s

New features:
• Added New methods: GLOBUS gssapi, SSH, uid/gid

(in addition to: Clear, SRP, Kerberos 5)
• Added Negotiation:
- Server sends list of accepted methods (host specific and/or 

default)
- Client automatically attempts in turn those locally available

• Added memory of successful authentications:
- faster re-authentication during the same root/proof session
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Master- to - sl av e au th en ti c ati o n  i n  P R O O F
b y  G erri  G an i s

Possibility to give a list of mechanisms to be attempted by the master
in negotiation with the slave

• Credential forwarding for GLOBUS (delegated credentials) and Kerberos 5
(forwardable tickets)

• uid/gid can be used very efficiently on local clusters or when security is not 
an issue

• other methods need special files on the master:
> Clear/SRP:  $HOME/.netrc, $HOME/.rootnetrc
> SSH:            $HOME/.ssh/identity, id_rsa or id_dsa
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Remote File Access Optimizations

Improvements in rootd

Make multi-th r ead ed

A d d  r ead  th r ead  an d  c ac h e f o r  r ead -ah ead  
o f  T r ee b uf f er s

A d d  ( o p tio n ally ) as y n c h r o n o us  w r ite to  
r ed uc e w r ite laten c ies

N ew  T C as to r F ile th at us es  C as to r  H S M A P I  

an d  r o o td f o r  f ile ac c es s  ( b y p as s in g  r f io )
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PROOF: Near Future

Working with some early users

I roning out of  sev eral remaining issues

Writing install and  user guid e

S till to d o f or analysis:

Support for: event lists, friend trees

S till to d o f or grid :

I nterfa c ing  to file c a ta log s, resourc e b rok er

M ulti site P R O O F  sessions
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GUI and Graphics
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Gui/Graphics strategy

TVirtualX

TGWin32 TGX11 TGWin32GDKTGQt

TVirtualPad

TPad

User/Root GUI 
and Graphics classes
Applications see only
Abstract Interfaces

Low level
screen graphics

and GUI

High level
pad graphics

TG??
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GUI Examples
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Graphical User Interface
Ex: ZEUS event display

Option tabs

Status information Canvas Pads Object information

Input modes Zoom controls
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Fish-e y e  V ie w
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GUI on Windows

Old T G W i n 3 2 b y  V a le r i F i n e
OK for graphics in canvas

N ot  OK for t he  G U I

A  m aint e nance  b u rd e n

T G W i n 3 2 g dk b y  B e r t r a n d B e lle n o t
T V irt u al X com pl iant  ( se e  ne x t  sl id e )

T G Q t b y  V a le r i F i n e
S hou l d  b e  T V irt u al X com pl iant

H ope  t o have  it  soon in C V S
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TGWin32gdk status on Windows

Current Status

P ro :  

G ui f ul l y  w o rk i ng

Sam e l o o k  and  f eel  as o th er 
p l atf o rm s

F ul l y  c o m p ati b l e w i th  o th er 
p l atf o rm s

O p enG L  i s w o rk i ng

Co ns:

sl o w er

N o  So c k ets ( p end i ng )

N o  m em o ry  m ap p ed  f i l es

T o -d o  l i st

Sh o rt term :

I m p ro v e sp eed  

I m p l em ent So c k ets

M i d d l e term :

I m p l em ent X 3 D

I m p l em ent T M ap F i l e

L o ng  term :

“ w i n3 2  nati v e”  v ersi o n

ro o td as a w i nd o w s serv i c e
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New graphical interface

Interface Redesign

core panels and tools to be 
m ore i n li ne w i th  m odern 
i nterf aces

G U I B u il der 

F i rst step ( done) :  
i m plem ent th e abi li ty  to 
g enerate th e code f or an 
ex i sti ng  G U I .  

S econd step:  i m plem ent a 
G U I  bu i lder
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Graphics Improvements
New class T G r ap h S m o o t h ( C h r i st i an  S t r at o wa)

This class is a helper class to smooth TG raph,  TG raphE rrors or 

in terpolate a g raph at a set of  g iv en  poin ts.  S ee n ew  tu torial 

motorcy cle. C

New class T S V G

TS V G  may  b e u sed  lik e TP ostS cript to prod u ce a S calab le V ector 

G raphics f ile in stead  of  a postscript f ile.

V iew ers lik e I n tern et E x plorer can  v iew  d irectly  the S V G  f iles.

D r awi n g  T F 3

T A S I m ag e

B ased  on  A f terI mag e

f r eet y p e 2  f o n t  su p p o r t

D istrib u ted  b y  d ef au lt
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New 3- D  G r a p h i c s  I n t er f a c e
by Olivier C o u et

A bs t ra c t  c la s s  T V irt u a lV iew 3 D

I m p lem en t a t io n s

TViewPad3D

TViewX 3D

TViewO p en G L

TViewO p en I n v en t o r
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Able to represent & navigate geometries of  most HEP 
ex periments

F aster th an G eant3  :  2 0 %  ( AT L AS )  u p to 8 0 0 %  ( C D F )

I nc lu d es an interac tive geometry  c h ec k er able to 
d etec t/ visu aliz e most geometry  d efinition errors 
( none of th e tested  geometries is error- free)  

T o be soon integrated  in a general V M C  sc h eme 
able to ru n several simu lation M C ’ s w ith  same u ser 
c od e/ geometry

Geometrical Modeler
Andrei Gheata
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Geometrical Modeler Features

Geometry browsing + interactive visualization based 
on contex t menus

E asy- to- use A P I / user interf ace

E x tensible set of  1 6  sh ap es,  B oolean comp osite sh ap es 
&  p arameterized

A ble to automatically map  any G3  geometry

P rovides navigation f unctionality ( “ wh ere am I ? ” ,  
distances comp utation,  “ saf ety radius” ,  step p ing,  … )

I / O :

~ 1 second4 2 3 8  k B y t es9 6 3 2  k B y t es2 9 . 0 4 6 . 9 6 6A T L A S

T i m e t o l oa d

P  I V / 2 . 4 G h z

. r oot  si z e

( f u l l y  v ox el i z ed)

R Z  si z e ( G 3 )N  ob j ect s
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Geometrical Modeler Features 

Several interactive checking methods
G eometry  overlap  checker

providing a sorted list of 
overlaps/ ex tru sions &  tak ing as inpu t a 
m inim u m  valu e for th e overlapping 
distanc e

E x tensively  b enchmarked against G 3  
ab le to optim iz e even non- optim iz ab le
G 3  geom etries 
b ig gain in speed 
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The Virtual M o n teC arlo

The abstract interface TV irtu al M C is 
being  red esig ned  to  acco m m o d ate the 
g eo m etry  p ack ag e.

Geant3 o p er ati o nal  w i th  new  g eo m etr y

F l u k a:  w o r k  i n p r o g r es s

Geant4 :  d i s c u s s i o n i n J u ne?
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Histograms

Fitting

S ta tis tic s
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Histograms

New class T H S t ack

L o n g  li st  o f  n ew 
f u n ct i o n s i n  T H 1

P len t y  o f  n ew d r awi n g  
o p t i o n s

F i lli n g  wi t h  st r i n g  
v ar i ab les

T H 1 : : M er g e( T C o llect i o n  
* li st )
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New Fitter based on Fu m il i
by S t a n i s l a v N e s t e r o v

TFumili
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Peak Finder + D ec o nv o l u t io ns
by M i r o s l a v M o r a c h

TSpectrum
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New Features and Classes

TMatrix

Many e nh anc e m e nt s  b y E d d y O f f e r m ann
( R e nai s s anc e  T e c h no l o g i e s )

TMath

N e w  f u nd am e nt al  m at h e m at i c al  and  p h ys i c al  
c o ns t ant s  ( T o ny C o l l e y).

N e w  f u nc t i o ns :  V o i g t ( ),   B r e i t W i g ne r ( ),  B e s s e l  and  
S t r u v e

A d d  t w o  ne w  s o r t i ng  f u nc t i o ns  ( A d r i an B e v an)

A d d  f u nc t i o ns  T Mat h : : I s I ns i d e
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TMath ( 1 )
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TMath ( 2 )
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New Features and Classes

TFractionFitter ( Frank  Fil th au t)

Fits MC fractions to data histogram 

C onf id ence L ev el  cl as s es  ( C h ris top h e D el aere)

T L imit,  T L imitD ataS ou rce and T Confide nce L e v e l

TFel d m anC ou s ins f or conf id ence l ev el  ( A d rian 
B ev an)
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TerraFerMA

A Suite of Multivariate 
An aly s is  T ools

Sherry Towers

SUNY-SB

s m j t @ f n a l . g o v

Version 1.0 has been released
u seable by  any one w it h ac c ess t o t he R oot  libraries

www- d 0 . f n a l . g o v / ~ s m j t / m u l t i v . h t m l
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TerraFerMA= Ferm i l ab  Mu l t i v ari at e  

An al y s i s  ( ak a “ FerMA” )

TerraFerMA i s ,  f o rem o s t ,  a c o n v en i en t  
i n t erf ac e t o  v ari o u s  d i s p arat e m u l t i v ari at e 
an al y s i s  p ac k ag es  ( ex :  ML P f i t ,  J et n et ,  
P D E / G E M,  Fi s h er d i s c ri m i n an t ,  b i n n ed  
l i k el i h o o d ,  et c )

U s er f i rs t  f i l l s  s i g n al  an d  b ac k g ro u n d  ( an d  d at a)  

“ S am p l es ” ,  w h i c h  are t h en  u s ed  as  i n p u t  t o  
TerraFerMA m et h o d s .  A S am p l e c o n s i s t s  o f  v ari ab l es  
f i l l ed  f o r m an y  d i f f eren t  ev en t s .
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Using a multivariate package chosen by 
user ( ie;  N N ’ s,  P D E ’ s,  F isher D iscriminants,  
etc) ,  T erraF erM A method s yield  probability 
that a d ata event is signal or background .   

T erraF erM A also includ es usef ul statistics 
tools ( means,  R M S ’ s,  and  correlations 
betw een the variables in a S ample) ,  and  a 
method  to d etect outliers.
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TStatUtils:  Statistic s
by Christian S trato w a

Novel high-throughput technologies such as DNA microarray analyses are
allowing biologists to generate sets of data in the terabyte realm. Many of
these data will be deposited in the public domain, necessitating a common
standard. Currently available database systems are not appropriate for these
intentions.
In this paper, I will introduce ROOT (http://root.cern.ch), an object oriented
framework that has been developed at CERN for distributed data
warehousing and data mining of particle data in the petabyte range. Data are
stored as sets of objects in machine-independent files, and specialized methods
are used to get direct access to separate attributes of selected data objects.
ROOT has been designed in such a way that it can query its databases in
parallel on SMP/MPP machines, on clusters of PC’s, or using common GRID
services.

Proceedings of DSC 2003 in Vienna 25-29 March
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TStatUtils:  Statistic s
by Christian S trato w a

In order to demonstrate the applicability of ROOT to microarray data,
I will present a functional prototype system, called XPS - eXpression Profiling
System, which can be considered to be an alternative to the Bioconductor
project. The current implementation handles the storage of  GeneChip schemes and data, 
and the pre-processing, normalization and filtering of GeneChip data. 
Based on this system, I will propose a novel standard for the distributed storage of 
microarray data.
Finally, I will emphasize the similarities between R and ROOT, and show
how R could be easily extended to access ROOT from within R.

Proceedings of DSC 2003
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System Infrastructure
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System Enhancement
Plugin M a na ge r

Allow easy extension of abstract interfaces

A C L iC
F u ll d ep end ency ch eck

Allow selection of d ebu g  or op tim iz ed  com p ilation

B u ild ing  of read -only scrip ts d irectories

Ability to u se C I N T ’ s p rag m a anywh ere

R oot > . x scrip t. C ( interp reted  by C I N T )

R oot >  . x scrip t. C + +  ( by th e com p iler)

# base class   regexp plugin class  plugin lib  ctor or factory

Plugin.TFile:  ^rfio:    TRFIOFile RFIO        "TRFIOFile(const char*,Option_t*,const char*,Int_t)"

+Plugin.TFile: ^dcache:  TDCacheFile DCache "TDCacheFile(const char*,Option_t*,const char*,Int_t)"



R.Brun: April 30 ROOT Status & Developments 52

Port to new platforms
Port to M a c O S

Ben Cowan, Keisuke F uj ii, G eor g e I r win, et c .

Port to W i n d ow s w i th  V i s u a l C + + 7 . N E T
M at t  L ang st on

Port to W i n d ow s w i th  c y g w i n a n d g c c 3 . 2
A x el  N aum ann

Port to I n te l  C om p i l e r v 7
F ons R ad em aker s

Port to I ta n i u m  6 4
F ons R ad em aker s
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Others future developments
New online help system

Will generate a compact file containing the 
d ocu mentation

A n interface w ill allow  eas y  look u p in this  file

I nformation w ill b e av ailab le in any  R O O T  proces s
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Documentation: Users  Guide
b y  I l k a A ntch ev a

New version of the Users Guide

Improved style

Improved In dex

N ew  c h a pters;

GUI

Ge o m e t r y  P a c k a g e
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Downloads Total



R.Brun: April 30 ROOT Status & Developments 56

Monthly Downloads


