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Evolution of ROOT I/O
� Hand-w r i t t e n S t r e am e r s
� S t r e am e r s  g e ne r at e d v i a r o o t c i nt
� S u p p o r t  f o r  C l as s  V e r s i o ns
� S u p p o r t  f o r  B y t e C o u nt
� S e v e r al  at t e m p t s  t o  i nt r o du c e  au t o m at i c  c l as s  e v o l u t i o n
� P e r s i s t e nt  c l as s  D i c t i o nar y  ( S t r e am e r I nf o )  w r i t t e n t o  f i l e s
� r o o t c i nt  m o di f i e d t o  g e ne r at e  au t o m at i c  S t r e am e r s
� c an g e ne r at e  c o de  f o r  “ D at aO b j e c t s ”  c l as s e s  i n a f i l e  
� S u p p o r t  f o r  S T L  and m o r e  c o m p l e x  C + +  c as e s
� T r e e s  t ak e  adv ant ag e  o f  t h e  ne w  s c h e m e
� C an r e ad f i l e s  w i t h o u t  t h e  c l as s e s
� P e r s i s t e nt  R e f e r e nc e  p o i nt e r s
� S u p p o r t  f o r  f o r e i g n c l as s e s
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PSimHit. h
#include "L o ca lP o int . h "
#include "L o ca lV ect o r . h "
#include "T O b j ect . h "

cla s s D et U nit ;

cla s s P S im H it :  p ub lic T O b j ect {
p ub lic:

P S im H it ()  : t h eD et U nit I d(-1 )  {}
P S im H it ( co ns t L o ca l3 D P o int &  ent r y , co ns t L o ca l3 D P o int &  ex it , 

f lo a t p a b s , f lo a t t o f , f lo a t elo s s , int  p a r t icleT y p e,
int  det I d, uns ig ned int  t r a ck I d)  :

t h eE nt r y P o int ( ent r y ) , t h eE x it P o int (ex it ) ,
. . . . .

f lo a t p a b s () co ns t {r et ur n t h eP a b s ;}
f lo a t t o f () co ns t {r et ur n t h eT o f ;}
f lo a t ener g y L o s s () co ns t {r et ur n t h eE ner g y L o s s ;}
int           p a r t icleT y p e() co ns t {r et ur n t h eP a r t icleT y p e;}
int           det U nit I d() co ns t {r et ur n t h eD et U nit I d;}
uns ig ned int  t r a ck I d() co ns t {r et ur n t h eT r a ck I d;}

p r iv a t e:

// properties
L o ca l3 D P o int t h eE nt r y P o int ;    // position
L o ca l3 D P o int t h eE x it P o int ;
f lo a t t h eP a b s ;          // m om en tu m
f lo a t t h eT o f ;           // T im e O f  F l ig h t
f lo a t t h eE ner g y L o s s ;    // E n erg y  l oss
int              t h eP a r t icleT y p e;

// a ssoc ia tion
int              t h eD et U nit I d;
uns ig ned int     t h eT r a ck I d;

C la s s D ef (P S im H it ,1 )
} ;

#include "L o ca lT a g . h "
#include "P o int 2 D B a s e. h "
#include "P o int 3 D B a s e. h "
t y p edef P o int 2 D B a s e<  f lo a t , L o ca lT a g >     L o ca l2 D P o int ;
t y p edef P o int 3 D B a s e<  f lo a t , L o ca lT a g >     L o ca l3 D P o int ;
/ /  L o ca l p o int s  a r e t w o -dim ens io na l b y  def a ult
t y p edef L o ca l3 D P o int L o ca lP o int ;
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Point3DBase.h
#include "PV3DBase.h"
#include "Po int 2 DBase.h"
#include "Vect o r 3DBase.h"
#include ” R t y p es.h"

t em p lat e < class T , class F r am eT ag >
class Po int 3DBase :  p ub lic PV3DBase<  T , Po int T ag , F r am eT ag > {
p ub lic:

t y p edef PV3DBase<  T , Po int T ag , F r am eT ag > BaseC lass;
t y p edef Vect o r 3DBase<  T , F r am eT ag > Vect o r T y p e;
t y p edef Basic3DVect o r < T > BasicVect o r T y p e;

Po int 3DBase( ) { }

Po int 3DBase( co nst T &  x , co nst T &  y , co nst T &  z ) : BaseC lass( x , y , z ) 
{ }

… … .
C lassDef T ( Po int 3DBase,1 )
} ;
C lassDef 2 T 2 ( Po int 3DBase,T ,F r am eT ag )
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Basic3DVector.h
#include "Basic2DVector.h"
#include < iosf w d>
#include < cm ath>
#include ” R ty p es.h"

tem p late <  class T> 
class Basic3 DVector {

p ub lic:
/ /  def ault constructor
Basic3 DVector( )  : theX ( 0 ) , theY ( 0 ) , theZ ( 0 ) { }

Basic3 DVector( 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 theZ ;}

… ...  
p riv ate:
T theX ;
T theY ;
T theZ ;

C lassDef T( Basic3 DVector, 1 )
} ;
C lassDef T2( Basic3 DVector, T)
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Running r o o t c int  o n P S im H it . h
B uil d ing t h e  s h a r e d  l ib

rootcint -f D ict.cx x -c P S im H it.h L ink D e f.h
g++ -f P I C -I $ R O O T S Y S / i n cl u d e  -c D i ct .cx x
g++ -f P I C -I $ R O O T S Y S / i n cl u d e  -c P S i m H i t .cx x
g++ -s h a r e d  -g P S i m H i t .o D i ct .o -o l i b H i t .s o

#p r a g m a l i n k  o f f  a l l  g l o b a l s ;
#p r a g m a l i n k  o f f  a l l  c l a s s e s ;
#p r a g m a l i n k  o f f  a l l  f u n c t i o n s ;
#p r a g m a l i n k  C + +  c l a s s L o c a l T a g + ;
#p r a g m a l i n k  C + +  c l a s s P o i n t T a g + ;
#p r a g m a l i n k  C + +  c l a s s V e c t o r T a g + ;
#p r a g m a l i n k  C + +  c l a s s  B a s i c 2 D V e c t o r < f l o a t > + ;
#p r a g m a l i n k  C + +  c l a s s  B a s i c 3 D V e c t o r < f l o a t > + ;
#p r a g m a l i n k  C + +  c l a s s  P V 2 D B a s e < f l o a t , V e c t o r T a g , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  P V 2 D B a s e < f l o a t , P o i n t T a g , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  P V 3 D B a s e < f l o a t , V e c t o r T a g , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  P V 3 D B a s e < f l o a t , P o i n t T a g , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  V e c t o r 2 D B a s e < f l o a t , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  V e c t o r 3 D B a s e < f l o a t , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  P o i n t 2 D B a s e < f l o a t , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s  P o i n t 3 D B a s e < f l o a t , L o c a l T a g > + ;
#p r a g m a l i n k  C + +  c l a s s P S i m H i t + ;

L i n k D e f .h Classes used by P S i m H i t
use C+ +  t em p lat es

h eav i ly
A ll T em p lat e i n st an c es

m ust  be dec lar ed
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Writing CMS P Sim H it o b j e c ts
void demo1() {   

//create a new ROOT file
T F il e f (" demo1. r oot " ," r ec r ea t e" );

//C reate a P S im H it with  th e d efau lt co ns tru cto r
P S imH it h 1;

//W rite it to  th e file with  th e k ey  nam e h it1
h 1. W r it e(" h it 1" );

//C reate a no rm al P S im H it with  th e entry  and  ex it p o int
L oc a l 3 D P oin t p en t r y (1,2 ,3 );
L oc a l 3 D P oin t p ex it (10 ,2 0 ,3 0 );
f l oa t p a b s =  4 1;
f l oa t t of =  1. 6 7 e-8 ;
f l oa t el os s =  5 . 7 8 e-3 ;
in t    p T y p e =  12 ;
in t    det I d =  6 7 ;
in t    t r a c k I d =  12 3 4 ;
P S imH it h 2 (p en t r y ,p ex it ,p a b s ,t of ,el os s ,p T y p e,det I d,t r a c k I d);

//W rite it to  th e file with  th e k ey  nam e h it2
h 2 . W r it e(" h it 2 " );

}
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Reading CMS P Sim H it  o b j ec t s
void demo2() {

//connect the ROOT file demo1.root in rea donly mode
T F il e * f  =  n ew T F il e(" demo1 . r oot " );

//Rea d hit2
P S imH it * h it  =  (P S imH it * )f ->G et (" h it 2" );

//p rint s ome hit memb ers
c ou t < < "  X 1 =  " < < h it ->en t r y P oin t (). x ()

< < "  Y 2=  " < < h it ->ex it P oin t (). y ()
< < " p a b s =  " < < h it . p a b s ()< < en dl ;

del et e h it ;

//Op en the ROOT b row s er a nd ins p ect the file
n ew T B r ow s er ;

//click  on "ROOT files ",  then "demo1.root",  w ith the
//rig ht b u tton,  s elect menu  items  "I ns p ect",  "D ra w C la s s "
//on hit2

}
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Browsing the file
root [0] T F i l e f ( " d e m o1 . root" )
root [1 ] T B row s e r b
root [2 ] f . l s ( ) ;

root [3 ] f . M a p ( ) ;

root [4 ] h i t2 . D u m p ( ) ;
theEntryPoint -> 8 7 4 a 0 1c    p os ition
theEntryPoint.theV ec tor -> 8 7 4 a 0 1c
theEntryPoint.theV ec tor.theX 1
theEntryPoint.theV ec tor.theY 2
theEntryPoint.theV ec tor.theZ 3
theEx itPoint -> 8 7 4 a 0 30
theEx itPoint.theV ec tor -> 8 7 4 a 0 30
theEx itPoint.theV ec tor.theX 10
theEx itPoint.theV ec tor.theY 20
theEx itPoint.theV ec tor.theZ 30
thePa b s 4 1          m om entu m
theT of 1.6 7 e-0 8     T im e O f  F l ig ht
theEnerg yL os s 0 .0 0 5 7 8      Energ y l os s
thePa rtic l eT yp e 12
theD etU nitI d 6 7
theT ra c k I d 1234
f U niq u eI D 0            ob j ec t u niq u e id entif ier
f B its 5 0 3316 4 8     b it f iel d  s ta tu s  w ord

TFile*          d em o 1 . r o o t
K E Y : P S im H it h it 1 ; 1
K E Y : P S im H it h it 2 ; 1 20011008/091050  At:64        N=86 T F i l e

20011008/091050  At:150       N=128 K e y s L i s t
Ad d r e s s  = 27 8 Nb y te s = -27     =====G  A P ===========
20011008/091050  At:3 05       N=140 P S i m H i t
20011008/091050  At:445       N=140 P S i m H i t
20011008/091050  At:585       N=952 S tr e a m e r I n f o C X  =  2. 66
20011008/091050  At:153 7       N=64 F r e e S e g m e n ts
20011008/091050  At:1601      N=1         E ND            

The description of 
a l l  cl a sses
in a  fil e
is w ritten

in one sing l e record
w hen the fil e is cl osed

StreamerInfo
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ClassDef/ClassI m p  c h an g es
We have redesigned the C l assD ef /C l assI m p f ac il ity  to  drastic al l y  redu c e the
nu m b er o f  m ac ro s nec essary .   We are do w n to  3  m ac ro s f o r al l  the situ atio ns.
T he o nl y  m ac ro  req u ired in no w C l assD ef .   I n p artic u l ar, C l assD ef T and al l
its variatio n are no w  o b so l ete. C l assI m p ( and tem p l ateC l assI m p f o r
c l ass tem p l ate)  are no t c o m p u l so ry  any m o re and are no w  u sed o nl y to  rec o rd the
l o c atio n o f  the im p l em entatio n f il e.   O ne f u tu re ex tensio n w il l  b e to  al l o w  the
registering o f  m o re than o ne im p l em entatio n f il e.
T his u p grade is intended to  b e b ac k w ard c o m p atib l e . . .  _ _ u nl ess_ _  y o u  have
im p l em ented y o u r o w n C l assI m p ty p e o f  m ac ro .   
N o te that it req u ires a c o m p l ete regeneratio n o f  A L L  the dic tio naries.
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Point3DBase.h

#include "PV3DBase.h"
#include "Po int 2 DBase.h"
#include "Vect o r 3DBase.h"
#include ” R t y p es.h"

t em p lat e < class T , class F r am eT ag >
class Po int 3DBase :  p ub lic PV3DBase<  T , Po int T ag , F r am eT ag > {
p ub lic:

t y p edef PV3DBase<  T , Po int T ag , F r am eT ag > BaseC lass;
t y p edef Vect o r 3DBase<  T , F r am eT ag > Vect o r T y p e;
t y p edef Basic3DVect o r < T > BasicVect o r T y p e;

Po int 3DBase( )  { }

Po int 3DBase( co nst T &  x , co nst T &  y , co nst T &  z )  : BaseC lass( x , y , z )  
{ }

… … .
C lassDef ( Po int 3DBase,1 )
} ;
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Basic3DVector.h

#include "Basic2DVector.h"
#include < iosf w d>
#include < cm ath>
#include ” R ty p es.h"

tem p late <  class T> 
class Basic3 DVector {

p ub lic:
/ /  def ault constructor
Basic3 DVector( )  : theX ( 0 ) , theY ( 0 ) , theZ ( 0 ) { }

Basic3 DVector( 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 theZ ;}

… ...  
p riv ate:
T theX ;
T theY ;
T theZ ;

C lassDef ( Basic3 DVector, 1 )
} ;
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Support for foreign classes
� Foreign classes (not instrumented with ROOT 

includes,  C lassD ef ,  etc)  can b e p arsed b y  a new 
v ersion of  rootcint to p roduce the necessary  
code f or comp uting the memb ers of f sets.

� The TS treamerI nf o class has also some mods to 
digest f oreign classes.

� C urrent imp lementation using a shadow class
� Vincenzo ( d ef ine p u b l ic p r iv a t e)  w a s  a l s o im p l em ent ed  b u t  cou l d  

not  b e u s ed  w it h  VC + +
� Vict or cu r r ent l y  t es t ing  a  new  id ea  t h a t  cou l d  s im p l if y  t h e w h ol e 

p r oces s  if  it  w or k s  ev er y w h er e
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Point3DBase.h

#include "PV3DBase.h"
#include "Po int 2 DBase.h"
#include "Vect o r 3DBase.h"

t em p lat e < class T , class F r am eT ag >
class Po int 3DBase :  p ub lic PV3DBase<  T , Po int T ag , F r am eT ag > {
p ub lic:

t y p edef PV3DBase<  T , Po int T ag , F r am eT ag > BaseC lass;
t y p edef Vect o r 3DBase<  T , F r am eT ag > Vect o r T y p e;
t y p edef Basic3DVect o r < T > BasicVect o r T y p e;

Po int 3DBase( )  { }

Po int 3DBase( co nst T &  x , co nst T &  y , co nst T &  z )  : BaseC lass( x , y , z )  
{ }

… … .
} ;
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Browsing the file
root [0] T F i l e f ( " d e m o1 . root" )
root [1 ] T B row s e r b
root [2 ] f . l s ( ) ;

root [3 ] f . M a p ( ) ;

root [4 ] h i t2 . D u m p ( ) ;
theEntryPoint -> 8 7 4 a 0 1c    p os ition
theEntryPoint.theV ec tor -> 8 7 4 a 0 1c
theEntryPoint.theV ec tor.theX 1
theEntryPoint.theV ec tor.theY 2
theEntryPoint.theV ec tor.theZ 3
theEx itPoint -> 8 7 4 a 0 30
theEx itPoint.theV ec tor -> 8 7 4 a 0 30
theEx itPoint.theV ec tor.theX 10
theEx itPoint.theV ec tor.theY 20
theEx itPoint.theV ec tor.theZ 30
thePa b s 4 1          m om entu m
theT of 1.6 7 e-0 8     T im e O f  F l ig ht
theEnerg yL os s 0 .0 0 5 7 8      Energ y l os s
thePa rtic l eT yp e 12
theD etU nitI d 6 7
theT ra c k I d 1234
f U niq u eI D 0            ob j ec t u niq u e id entif ier
f B its 5 0 3316 4 8     b it f iel d  s ta tu s  w ord

TFile*          d em o 1 . r o o t
K E Y : P S im H it h it 1 ; 1
K E Y : P S im H it h it 2 ; 1 20011008/091050  At:64        N=86 T F i l e

20011008/091050  At:150       N=128 K e y s L i s t
Ad d r e s s  = 27 8 Nb y te s = -27     =====G  A P ===========
20011008/091050  At:3 05       N=140 P S i m H i t
20011008/091050  At:445       N=140 P S i m H i t
20011008/091050  At:585       N=952 S tr e a m e r I n f o C X  =  2. 66
20011008/091050  At:153 7       N=64 F r e e S e g m e n ts
20011008/091050  At:1601      N=1         E ND            
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STL support for foreign classes
� Several recent improvements by V ictor in 

rootcint.
� I n particu lar V ictor h as ad d ed  su pport f or all ST L  

containers in f oreig n classes.
� C u rrently th e cod e to su pport ST L  is g enerated  

in rootcint. W e h ope to provid e native su pport in 
T StreamerI nf o f or vector< myC lass> lik e w e d o 
f or T C lonesA rray.


