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What it is?
�What we call Data Dictionary i s  als o  called :

– R e f l e c t i o n
– R u n -t y p e  t y p e  i n f o r m a t i o n  ( R T T I )
– I n t r o s p e c t i o n
� R ep o s i to r y  o f  all the tr an s i en t “ ty p es ”  o f  the 
s y s tem  an d  thei r  d es cr i p ti o n  ( at leas t the o n es  
that we wan t to  m ak e p er s i s ten t,  i n ter act wi th,  
etc. )
– P r o g r a m m i n g  l a n g u a g e  d e p e n d e n t
– S e v e r a l  d i c t i o n a r i e s  m a y  c o -e x i s t
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Functionality
� Typical functionality

– G e t  t h e  t y p e  o f  a n  e x i s t i n g  o b j e c t
– D y n a m i c a l l y  c r e a t e  a n  i n s t a n c e  o f  a  t y p e
– B i n d  t h e  t y p e  t o  a n  e x i s t i n g  o b j e c t ,  a n d  t h e n

» I n v o k e  t h e  t y p e ’ s  m e t h o d s  o r  a c c e s s  i t s  d a t a  
m e m b e r s

� A d d itional functionality 
– C r e a t e  n e w  t y p e s  a t  r u n -t y p e
– P o p u l a t e  d i c t i o n a r y  f r o m  o t h e r  d i c t i o n a r i e s
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Uses of the Data Dictionary
� Type/Data Browsers

– D i s p l a y  t y p e  a n d  d i s p l a y / m o d i f y  o b j e c t  i n f o r m a t i o n
� S c ri pti n g

– I n v o k i n g  m e t h o d s
� Data P ersi sten c y

– S a v i n g  a n d  r e s t o r i n g  o b j e c t  s t a t e  ( e . g .  s e r i a l i z a t i o n )
� Di stri b u ted  A ppl i c ati on s

– S e n d i n g  a n d  r e c e i v i n g  o b j e c t s  t h r o u g h  t h e  n e t w o r k  ( e . g .  
X M L + S O A P ,  s e r i a l i z a t i o n  )
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Programming Languages
� C++

– P r o v i d e s  v e r y  l i m i t e d  R T T I  f u n c t i o n a l i t y
� J a v a

– R e f l e c t i v e  i n t e r f a c e  i s  p a r t  o f  t h e  l a n g u a g e / l i b r a r y
– O n l y  t h e  “ r e a d ”  o n e  i s  a v a i l a b l e
(Class, Field, Method, Constructor,Array, Modifier , … )
� C#

– B u i l t -i n  r e f l e c t i o n
– B o t h  “ r e a d ”  a n d  “ w r i t e ”  i n t e r f a c e s  a r e  a v a i l a b l e
(T yp e, Assem b ly, Module, FieldI nfo, MethodI nfo ,  … )
(T yp eB uilder, MethodB uilder, FieldB uilder ,  … )
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Dictionary Interface(s)
� Reflective Interface

– I n t e r f a c e  t o  o b t a i n  t h e  “ m e t a ”  i n f o r m a t i o n ,  a c c e s s  t o  
d a t a  m e m b e r s ,  a n d  i n v o c a t i o n  o f  m e t h o d s .

– M a i n  i n t e r f a c e  f o r  d i c t i o n a r y  “ c l i e n t s ”
� E m it Interface

– C o n s t r u c t  t h e  d i c t i o n a r y  i n  m e m o r y  w h e n  l o a d i n g  
l i b r a r i e s

– P o s s i b i l i t y  t o  b u i l d  n e w  t y p e s  a t  r u n -t i m e
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Dictionary Requirements
�What should the data dictionary contain?

– A l l  s t a n d a r d  C + +  f e a t u r e s
» N a m e s p a c e s
» C l a s s e s ,  i n h e r i t a n c e
» R e f e r e n c e s  a n d  p o i n t e r s
» D a t a  m e m b e r s  a n d  m e t h o d s  w i t h  a r g u m e n t s
» T e m p l a t e s
» …  e x t r a  i n f o r m a t i o n  n e e d e d  b y  c l i e n t s  ( e . g .  d e s c r i p t i o n ,  p e r s i s t e n c y  f l a g s )

� T he interf ace dep ends of  p rog ram m ing  lang uag e
– N o t  a l w a y s  t h e  c a s e  ( e . g .  C # ,  V B . N e t , … )
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Interface Choice
� Provide a Reflective interface to C++ as it would 
h ave b een p rovided b y  th e lang uag e itself
– G e t  i n s p i r a t i o n  f r o m  e x i s t i n g  i n t e r f a c e s  ( J a v a ,  C # , … )

» E a s y  o f  u s e ,  i n t u i t i v e
» C o m p l e t e n e s s

� N eutral and self-contained
– S h o u l d  n o t  b e  b o u n d  t o  a n y  “ f r a m e w o r k ” ,  “ s c r i p t i n g  
l a n g u a g e ” ,  e t c .
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OtherSvcOtherSvc

Fitting in the Persistency Framework

D i cti o n a ry SvcStrea m erSvcStrea m erSvcStreamerSvc D a ta D i cti o n a ry

Sto rag eM g r

IReflection

C + +

D i ctL o a d erIReflectionE m it

O th erSvc
P er s is tD ict
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Filling the Dictionary
�Many different ways to provide the data dic tionary inform ation

– T h e  c o m p i l e r  s h o u l d  d o  i t  ( n o t  p o s s i b l e  f o r  C + + )
– M a k e  u s e  o f  t h e  d e b u g  i n f o r m a t i o n  ( e . g .  E s p r e s s o )
– P a r s i n g  h e a d e r  f i l e s  ( e . g .  C I N T ,  S W I G )
– G e n e r a t i n g  d i c t i o n a r y  l i b r a r i e s  f r o m  o t h e r  s o u r c e s  ( e . g .  A T L A S / L H C b )
– W r i t i n g  b y  h a n d  d i c t i o n a r y  l i b r a r i e s  ( e . g .  e x t e r n a l  c l a s s e s )
– …
� F il l ing  dic tionary “ on-dem and”
� Goal :  fil l  a sing l e m as t e r dic tionary
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ROOT I/O and Python examples

DictionarySvcDataDictionary
C++

ROOT I/O

C IN T
D i c t

S t r e a m e r

P Y TH ON

P y t h o n
D i c t In t e r p r e t e r

Ty p e
S o u r c e

E x t e r n a l
t y p e s

Ty p e
S o u r c e

. h

Not needed pathE x p e rim e nt
cl as s e s E x te rnal

C l as s e s  ( e . g .  C L H E P )
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Object Description (LHCb/ATLAS)

� Object Description Language 
( X M L,  A DL)
– S i n g l e  s o u r c e
– P r o g r a m m i n g  l a n g u a g e  n e u t r a l

� E x perim ent P ol icies and  R ul es
� V arious back -end s 

XMLXML

D T D
P a r s e r

Me t a -
o b j e c t
R e p r .

B a c k
E n d

C + +
.hC + +
.h

B a c k
E n d

C n vC n v

B a c k
E n d

D i c t
Lo a d e r .

D i c t i o n a r y S v c

Exp.
P o l i c i e s
&  R u l e s

G e n e r i c C n v

S c r i p t i n g S v c
( P y t h o n )
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Summary
� Data Dictionary is needed for many reasons ( p ersistency is onl y one)
� W ou l d h av e b een nice if C + +  h ad a refl ectiv e interface to access th e data dictionary

– W e  h a v e  s o m e h o w  t o  o v e r c o m e  t h e  l i m i t a t i o n
– B o r r o w  i d e a s  f r o m  m o r e  m o d e r n  l a n g u a g e s
� I  tried to conv ince you :

– D i c t i o n a r y  i n d e p e n d e n t  o f  P e r s i s t e n c y / S c r i p t i n g / …
– C o m m o n  L C G  d i c t i o n a r y  f r o m  w h i c h  o t h e r  f r a m e w o r k  s p e c i f i c  d i c t i o n a r i e s  c a n  b e  p o p u l a t e d
– T h e  w a y  t o  f i l l  t h e  d i c t i o n a r y  s h o u l d  b e  t h e  e x p e r i m e n t  c h o i c e


