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Normal Streaming mode
References using C++ pointers

A

TBuffer b ;
A . S t rea m er( b )

O n l y  o n e c o p y  
o f ea c h  o b j ec t
i n  t h e g ra p h

s a v ed  t o  b uffer
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Normal Streaming mode
References using C + +  p o int ers

TBuffer b 1 ;
A . S t rea m er( b 1 ) 
TBuffer b 2 ;
B. S t rea m er( b 2 )

BA

O b j ec t s  i n  red
a re i n  b 1 a n d  b 2

C + +  p o i n t e r



LCG 6 June  Rene Brun P ers i s t ent  O b j ec t  Ref erenc es  i n RO O T 4

Normal Streaming mode
References using T Ref p o int ers

TBuffer b 1 ;
A .S t rea m er( b 1 ) 
TBuffer b 2 ;
B.S t rea m er( b 2 )

B

O b j ec t s  i n  b l ue
a re o n l y  i n  b 1

C++ pointer

T R efA Bz

z

S et  p o i n t er t o  z w i t h : TR ef Bz =  z;
G et  p o i n t er t o  z w i t h :  z = Bz.G et O b j ec t ( )
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ROOT I/O : An Example
TFile f ( “ ex a m p le. r o o t ” , ” n ew ” ) ;
TH 1 F h( “ h” , ” M y  his t o g r a m ” , 1 0 0 , -3 , 3 ) ;
h. FillR a n d o m ( “ g a u s ” , 5 0 0 0 ) ;
h. W r it e( ) ;

TFile f ( “ ex a m p le. r o o t ” ) ;
TH 1 F * h =  ( TH 1 F* ) f . G et ( “ h” ) :
h-> D r a w ( ) ;
f . M a p ( ) ;

Program Writing

Program R e ad ing

20010831/171903  At:64        N=90 T F i l e
20010831/171941  At:15 4       N=45 3       T H 1F            C X  =  2. 09
20010831/171946  At:607       N=2364 S tr e a m e r I n f o C X  =  3. 25
20010831/171946  At:2971      N=96 K e y s L i s t
20010831/171946  At:3067      N=5 6 F r e e S e g m e n ts
20010831/171946  At:3123      N=1         E ND            
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Memory <- - >  T ree
The Tree entry serial number

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

T.Fill()

T.G e t E n t r y (6 )

T

M e m o r y
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Tree Friends
0123456789101112131415161718

0123456789101112131415161718

0123456789101112131415161718

Public
r e a d

Public

r e a d

U s e r

W r it e

E n t r y  #  8
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Tree Friends

Root > T F i l e f 1 ( “ tr e e 1 . r oot” ) ;
Root > tr e e . A d d F r i e n d ( “ tr e e 2 ” , “ tr e e 2 . r oot” )
Root > tr e e . A d d F r i e n d ( “ tr e e 3 ” , “ tr e e 3 . r oot” ) ;
Root > tr e e . D r a w ( “ x : a ” , ” k < c ” ) ;
Root > tr e e . D r a w ( “ x : tr e e 2 . x ” , ” s q r t( p ) < b ” ) ;

x

P r o c e s s i n g  t i m e
i n d e p e n d e n t  o f  t h e
n u m b e r  o f  f r i e n d s
u n l i k e  t a b l e  j o i n s

i n  R D B M S

Collaboration-w id e
p u blic  re ad

A naly s is  g rou p
p rote c te d

u s e r
p riv ate
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Chains of Trees

0 0 0 0 0 00

11

0

4 5
2

45 4
7

0 12 17 23 26 32 37 45 49

TChain ch( “ T” ) ;
ch. A d d ( “ f 0 . r o o t ” ) ;
ch. A d d ( “ f 1 . r o o t ” ) ;
ch. A d d ( “ f 2 . r o o t ” ) ;
ch. A d d ( “ f 3 . r o o t ” ) ;
ch. A d d ( “ f 4 . r o o t ” ) ;
ch. A d d ( “ f 5 . r o o t ” ) ;
ch. A d d ( “ f 6 . r o o t ” ) ;
ch. A d d ( “ f 7 . r o o t ” ) ;

c h .G e t E n t r y ( 28 ) ;
B i n a r y  s e a r c h  i n  t a b l e  a b o v e
f i n d  s l o t  4,  l o c a l  e n t r y  2
T .G e t E n t r y ( 2)  i n  f 4.r o o t

c h .G e t E n t r y W i t h I n d e x ( 12, 567) ;

0 7654321

f 0 f 2 f 3 f 4 f 5 f 6 f 7f 1
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Existing T R e f ,  T R e f A r r a y
� Designed as light weight entities
� A ssu m e lar ge nu m b er  o f  T R ef s p er  ev ent
� V er y  f ast der ef er enc ing ( dir ec t ac c ess tab les)
� C anno t ( no t designed f o r )  f ind an o b j ec t in a f ile

TLongRef,  TLongI D c l a s s es  p r op os ed
for  r efer enc es  w i t h  l oa d  on d em a nd
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TRef/TRefA r r a y a d v a n t a g es
� TRef i s  p er fec t  fo r  r efer en c i n g  o b j ec t s  l i k e h i t s ,  
c l u s t er s ,  t r a c k s  t h a t  m a y  b e >  1 0 0 0 0 .

� Y o u  w o u l d  n o t  l i k e t o  h a v e t h e s i z e o f a  TRef
b i g g er  t h a n  t h e s i z e o f i t s  r efer en c ed  o b j ec t  !

� A  TRef o c c u p i es  i n  a v er a g e 2 . 5  b y t es  i n  t h e fi l e
� Th er e i s  n o  p o i n t  i n  p r o v i d i n g  l o a d  o n  d em a n d  
fo r  o n e s i n g l e h i t ,  c l u s t er  o r  t r a c k .
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TRef ex a m p l e:  E v en t . h
class Event : public T O bj ect {
pr ivate:

ch ar f T y pe[ 2 0 ];          / / event ty pe
ch ar           *f EventN am e;         / / r un+ event num ber  in ch ar acter  f o r m at
int            f N tr ack ;            / / N um ber  o f  tr ack s
int            f N seg ;              / / N um ber  o f  tr ack  seg m ents
int            f N ver tex ;
int            f M easur es[ 1 0 ];
f lo at   f M atr ix [ 4 ][ 4 ];
f lo at    *f C lo sestD istance;   / / [ f N ver tex ]
EventH ead er     f EvtH d r ;
T C lo nesA r r ay *f T r ack s;            / / ->ar r ay  w ith  all tr ack s
T R ef A r r ay *f H ig h P t;            / / ar r ay  o f  H ig h  P t tr ack s o nly
T R ef A r r ay *f M uo ns;             / / ar r ay  o f M uo n tr ack s o nly
T R ef f L astT r ack ;         / / r ef er ence po inter  to  last tr ack
T R ef f W ebH isto g r am ;      / / EX EC :G etW ebH isto g r am
T H 1 F           *f H ;                 / / ->

public:
...
T H 1 F          *G etH isto g r am () co nst {r etur n f H ;}
T H 1 F          *G etW ebH isto g r am (B o o l_ t r elo ad = k F A L S E) co nst {

r etur n (T H 1 F *)f W ebH isto g r am .G etO bj ect(r elo ad );}

Can also do

load on de m and
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Load on demand
� It makes sense for objects like

� large collections of hits, clusters, tracks
� files
� m ag field  
� geom etry

� A ssu ming  th at an ev ent w ill contain <  1 0 0  su ch  
objects to be req u ested  on d emand ,  th ere is no 
p roblem in h av ing  fat references ( eg  5 0  by tes)

TLongRef
TLongI D



LCG 6 June  Rene Brun P ers i s t ent  O b j ec t  Ref erenc es  i n RO O T 1 4

TLongRef,  TLongI D

File 1

c o n t a in er  X

File 2

c o n t a in er  Y

O b j ec t  A
h a s  a  T L o n g R ef

O b j ec t  B
is  a  T L o n g I D

Map of T L on g I D s
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Object Identification

Pointer to object in memory

F il e I d entif ica tion a nd  d irectory

A cces s  meth od  in f il e
( T ree,  etc)

ID
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TLongID
� An object referenced by a T L ong R ef m u s t i nh eri t 
from  cl as s  T L ong I D

� W h en a T L ong I D  i s  created,  i t i s  added to one 
s i ng l e tabl e ( m ap )  of L ong I D s

� W h en a T L ong I D  i s  w ri tten to a fi l e,  i ts  
p ers i s tent com p onents  are w ri tten to th e fi l e.

� W h en a T L ong I D  i s  read,  i t i s  added to th e m ap  
of L ong I D s .
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TLongRef
� A T L o n g R e f  p o i n t s  t o  a n  o b j e c t  i n h e r i t i n g  f r o m  
T L o n g I D .

� T L o n g R e f  a t t r i b u t e s  a r e  i d e n t i c a l  t o  T L o n g I D . I n  
a d d i t i o n  i t  i n c l u d e s  a  p o i n t e r  t o  t h e  o b j e c t .

� W h e n  a  T L o n g R e f  i s  w r i t t e n ,  i t s  T L o n g I D  
c o m p o n e n t s  a r e  w r i t t e n .

� W h e n  a  T L o n g R e f  i s  d e r e f e r e n c e d ,  i t s  p o i n t e r  i s  
c o m p u t e d  ( i f  n o t  a l r e a d y  t h e r e )  b y  s e a r c h i n g  i n  
t h e  m a p  o f  T L o n g I D s .
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TLongID

class T L o n g I D {
T U U I D   f U U I D ;
T S t r i n g f T e x t 1 ;
T S t r i n g f T e x t 2 ;
e t c…
}

root [0] T U U I D  u
root [1 ] u . A s S tri n g ()
(c on s t c h a r*  0x 4 04 7 6 a 8 0) "c 6 2 a d 9 7 a -7 8 c 9 -1 1 d 6 -9 e 5 8 -4 e d 5 8 a 8 9 b e e f "

Additional info to be discussed

T U U I D  uniq ue in tim e ( nanoseconds)
and sp ace

U p  to 1 2 8  bits

TLongID c ou l d  b e
r e d u c e d  t o TU U ID



LCG 6 June  Rene Brun P ers i s t ent  O b j ec t  Ref erenc es  i n RO O T 1 9

TLongRef

class T L o n g R e f {
T U U I D   f U U I D ;
T S t r i n g f W h e r e ;
T S t r i n g f H o w ;
e t c…
}

Additional info to be discussed
F ileI D

subdir ector y
br anch  in T r ee,  etc

A cop y  of th e T U U I D  in T L ong I D


