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What’s in the talk

• The talk gives a shor t introduction into CDB API

• A pr imary focus of the talk is on how CDB API  handles 
persistent technology specific implementations of metadata 
and user  defined payload.

• I t’ s essential to look at a general CDB talk/paper  at 
CHEP’2004 to understand the background:
– CHEP talk:

• http://www.slac.stanford.edu/BFROOT/www/Public/Computing/Databases
/talks/Igor/Chep2004Talk316.pdf

– CHEP paper:
• http://www.slac.stanford.edu/BFROOT/www/Public/Computing/Databases

/proceedings/Chep2004Paper316.pdf
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Some Common Reasoning

• Persistency is a “ cursed”  problem of C++
– Because of its static type system
– Persistency is “un-natural”  for C++ types
– All solutions require (quite often, clumsy and hard to maintain) data 

transformation (RDBMS) or class instrumentations (OO-like)
• The problem is especially acute for  Conditions (and alike) applications 

because of its time evolving schema for  the ser  defined database
payload

• Three major  solutions we have:
– Get stuck with a particular technology/vendor (RDBMS, 

Objectivity/DB, ROOT I/O, etc.)
– Get stuck with a set of predefined transient containers to be serialized 

into many persistent technology
– Play OO design games to reach an “acceptable”  compromise

An original approach 
of BABAR

The current 
CDB approach
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CDB API  Highlights

• The current CDB API  provides proper  modeling of the fundamental concepts of CDB in 
a form of inter faces, abstract classes, etc.

• I t does not exhibit any persistent technology for  API  components representing metadata 
(95% of all classes)

• Provides conver ters (“ br idges” ) and factor ies to deal with technology specific user  
defined objects (payload) for  specific TECHNOLOGIES (Objectivity/DB OID-s, etc.). 
Conver ters are used to:

– Get an actual persistent object
– To store a newly created persistent object into CDB

• Provides suppor t for  multiple persistent TECHNOLOGIES and IMPLEMENTATIONS 
(for  a given TECHNOLOGY) of the abstract API

– An IMPLEMENTATION is a sort of plug-in
– The implementations must be statically linked with an applications (no dynamic loading 

yet)
– A choice of which one to use is a subject for a job’s configuration or it (the choice) is 

made automatically at a presence of external stimulus (environment variables)
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More CDB API  Highlights

• Proper ly handles defaults to answer  the following questions:
– What’s the default TECHNOLOGY?
– What’s the default IMPLEMENTATION for given TECHNOLOGY?
– What’s the default DATABASE for given TECHNOLOGY?
– What’s the default VIEW for given DATABASE?

• All API  components are made available to clients via COUNTED SMART POINTERS
– We need pointers to handle multiple implementations (plug-ins) 
– We want to make life of CDB API clients a bit easier

• Provides users with two ways to navigate across CDB API  components:
– A “standard”  one:

• TECHNOLOGY <> IMPLEMENTATION <> DATABASE <> VIEW <> FOLDER : CONDITION <> 
OBJECT

– A “shortcut”  one:
• CONDITION <> OBJECT
• It’s the most useful way to deal with the API when all defaults are known

• Str ict control over  the placement and cluster ing of the user  defined objects (payload). 
See next slides for  more details…
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CDB Concepts : Scope &  Ownership Diagram
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Metadata: Technology-independent API

CdbDatabase

Cdb

CdbOrigin

CdbView

CdbPartition

CdbFolder

CdbConditionCdbRevision CdbObject

CdbEnvironment

Client code begins 
navigation by locating an 
object of this top-level API 

object

Has a dictionary of the 
API implementations

myCondition

myFolder

myView

TECHNOLOGY

User defined payload in a 
persistent technology 

specific form

Each API object maintains 
a connection with its 

parent object
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Metadata: Implementations

CdbDatabase

Cdb

CdbOrigin

CdbView

CdbPartition

CdbFolder

CdbConditionCdbRevision CdbObject

<implements>

<implements>
A graph of abstract API 

classes has the corresponding 
persistent technology specific 

implementations
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API : Packaging

CdbBase

BdbTime

CdbBdb CdbSQL

CdbBdbWrapper CdbBdbShared

Core packages and 
interfaces

Technology specific 
CDB API  
extensions

Implementations of 
API  for specific 
technologies

Client

Clients

<instantiates>

<implements>

<uses>

Objectivity/DB

That’s where a dictionary of 
CDB API implementations 

gets populated.
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3 Roles of the Cdb class

cl ass Cdb {

publ i c:

/ /  A l ocat or  of  t he t op- l evel  API  obj ect

st at i c CdbPt r i nst ance(  const  char *  t echnol ogy = 0,
const  char *  i mpl menat i on = 0 ) ;     

/ /  Par amet er s of  t he i mpl ement at i on

vi r t ual  const  char *  t echnol ogyName (  )  const  = 0;
vi r t ual  const  char *  i mpl ement at i onName(  )  const  = 0;

/ /  Fi nd a dat abase

vi r t ual  CdbSt at us f i ndDat abase(  CdbDat abasePt r & pt r ,
const  char *  name = 0 )  = 0;

} ;

2: These two methods is the only link to an underlying 
persistent technology specific implementation of the 
abstract API available to client applications .

1: The locator would interact with an internal dictionary to find out a 
top-level API  object matching requested criteria. Default values mean 
default object which is a subject of an application’s configuration. Note, 
that the method returns a counted smart pointer onto an object of the 
Cdb class. This is a typedef for something like boost::shared_ptr<Cdb>.

3: Zero database name means the default 
database installation for the current 
application.
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Metadata: Navigation

• There are two methods to navigate in the graph:
– “ standard” : a full path starting from an object of Cdb class down to 

an object of CdbObject
– “ shortcut” : a quick way of getting to an object of CdbObject or 

storing a new object in the database
• Why the “ shor tcut”  is needed?

– It appears that 95% of users do 2 very simple operations with the API:
• CASE I : find a condition object from a condition at a validity timeassuming the 

current configuration of the condition in the corresponding view.
• CASE I I : create a new condition object and store it with the specified validity 

interval at the specified condition.

– For them the API can be and must be very simple. 
– For the rest of 5% uses:

• People prefer using “ trusted-out-of-box”  interactive tools  to manage the database 
contents! No fancy operations (like using iterators of intervals) are done 
programmatically. All (well, most) of this is utilized by the interactive tools 
internally.
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Metadata: “ Standard”  Navigation
CdbPt r api = Cdb: : i nst ance(  “ Bdb” ,  “ Shar ed” ) ;   / /  Tech & I mpl

CdbDat abasePt r dat abase;
api - >f i ndDat abase(  dat abase,

” OO_FD_BOOT” ) ;
CdbVi ewPt r vi ew;
dat abase- >f i ndVi ew(  vi ew,

“ <r ecent >” ) ;

CdbFol der Pt r f ol der ;
vi ew- >f i ndFol der (  f ol der ,

“ / DAQ/ Tr i gger 3/ ” ) ;

CdbCondi t i onPt r condi t i on;
f ol der - >f i ndCondi t i on(  condi t i on,

“ Conf i g” ) ;
CdbObj ect Pt r obj ect ;
condi t i on- >f i ndObj ect (  obj ect ,

BdbTi me(  “ 15- NOV- 2004 16: 30: 01” ) ;

cout << “ FOUND OBJECT ADDRESS : “ << obj ect - >i d    ( )  << endl
<< “ STORED : “ << obj ect - >st or ed( )  << endl
<< “ VALI DI TY BEGI N : “ << obj ect - >begi n ( )  << endl
<< “ VALI DI TY END  : “ << obj ect - >end   ( )  << endl ;

This “ step-by-step” navigation process is 
very helpful when multiple operations over 
the contents of the database are to be 
performed at different levels of the 
containment hierarchy.

Each level is represented by a counted 
“ smart” pointer onto the corresponding 
API object.

Each API object (but Cdb) has a parent 
link back to its upper level “ context” API 
object (not shown on this example).

An over-simplified 
example: methods 
should return 
completion statuses 
of operations.
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Metadata: “ Shor tcut”  Navigation

CdbCondi t i onPt r condi t i on;
Condi t i on: : i nst ance(  condi t i on,

“ / DAQ/ Tr i gger 3/ Conf i g” ,
“ <r ecent >” ,
” OO_FD_BOOT” ,
“ Shar ed” ,
“ Bdb” ) ;

. . . or . . .

CdbCondi t i onPt r condi t i on;
Condi t i on: : i nst ance(  condi t i on,

“ / DAQ/ Tr i gger 3/ Conf i g” ) ;

CdbObj ect Pt r obj ect ;
condi t i on- >f i ndObj ect (  obj ect ,

BdbTi me(  “ 15- NOV- 2004 16: 30: 01” ) ;
. . .

Though, things may look even simple, in 
case when a client would agree with 
default values of other parameters.

These defaults are put into a special 
configuration dictionary represented by 
the CdbEnvironment class.

That’s actually how MOST OF BABAR 
CLIENTS’ CODE IS WRITTEN!!!

That’s essentially the same sequence of 
actions as it was illustrated for the 
“ standard” method on the previous 
slide.
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Metadata &  Payload

• An impor tant question:
– How do we get from the metadata (interval) to payload (data)?

• The CDB answer :
– Logically it’ s a one way road
– At a technology-neutral level the payload exhibits some form of ID (“address” ) 

to reflect this idea
• The CDB API :

– Does NOT really assume that metadata and payload are stored separately (as 
separate objects, tables, etc.). It’s up to a particular implementation to establish 
this connection in a most efficient way for the corresponding persistent 
technology to be used.

– Has provisions for technology specific API implementations to forceputting 
new payload into a desired location to ensure that metadata and the 
corresponding payload were stored within the same unit of the data distribution 
(file, table, cluster, etc.).

• Goals:
– Efficient Data Distribution
– Robustness, referential integrity, etc.
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CdbObject

• I t’ s a “ br idge”  between metadata and the actual payload
• What’s in CdbObject:

– “original”  validity interval
– “visible”  validity interval
– “stored”  time of the payload object
– “address”  of the payload object

• A persistent technology specific persistent data object can be extracted
from CdbObject using CONVERTOR facilities supplied with the 
under lying implementations of the CDB API
– It’s a sort of a type-safe “cast”  which would assure that the actual

persistent technology behind CdbObject matches the one expected by 
the CONVERTOR. And if so then it would use information stored in 
the underlying implementation of CdbObject into a technology specific 
object of the requested type.
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Implementations of CdbObject: Objectivity

/ /  FI LE:  CdbBdb/ CdbBdbOj ect . hh

/ /  TECHNOLOGY:  “ Bdb” ( Obj ect i v i t y/ DB)

#i ncl ude “ CdbBase/ CdbObj ect . hh”

cl ass CdbBdbObj ect :  publ i c CdbObj ect {
publ i c:

. . .
/ /  An obj ect  addr ess
vi r t ual  st d: : st r i ng i d(  )  const  {  r et ur n _handl e. spr i nt f (  ) ;  }

/ /  Get  t o t he payl oad obj ect
ooRef ( ooObj )  r ef (  )  const  {  r et ur n _r ef ;  }

pr i vat e:
ooRef ( ooObj )  _r ef ;   / /  a per si st ent  obj ect  r ef er ence

} ;
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Using CONVERTOR-s: Objectivity

/ /  FI LE:  MyPackage/ MyCl i ent . cc

/ /  TECHNOLOGY:  “ Bdb” ( Obj ect i v i t y/ DB)

#i ncl ude “ CdbBase/ CdbObj ect . hh”
#i ncl ude “ CdbBdb/ CdbBdbObj ect Conver t or . hh”

/ /  Get  t o t he met adat a obj ect  f i r st

CdbObj ect Pt r obj ect ;
. . .

/ /  Get  t o t he payl oad

ooHandl e( ooObj )  oj ect H;
i f (  CdbSt at us: : Success ! = CdbBdbObj ect Conver t or : : nar r ow(  obj ect H,

obj ect  ) )  {
. . .

Use this (Objectivity/DB) technology 
specific conversion facility to extract a 
persistent reference onto a payload 
object .
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Stor ing new payload (objects)

• Two problems here:
– How to separate a persistent technology specific payload creation from 

the technology-neutral CDB API?

– How to control the placement of newly created objects?
• That’s a very important aspect of a distributed database.

• CDB API  answer is:
– Confine an actual object creation code into so called “FACTORIES” of 

persistent objects

• What’s the FACTORY?
– It’s a user transient class prepared by a user. The class derives (directly 

or indirectly) from a special base class supplied by CDB API in order 
to implement a persistent class and persistent technology specific object 
creation sequence at a suggested by CDB API location.

– See the next slide for more details…
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Base FACTORY

/ /  FI LE:  CdbBase/ CdbObj ect Fact or yBase. hh

cl ass CdbObj ect Fact or yBase {
pr ot ect ed:

/ /  Cr eat e a new obj ect  f or  speci f i ed val i di t y i nt er val

vi r t ual  CdbSt at us cr eat e(  CdbObj ect Pt r &          obj ect ,
const  CdbCondi t i onPt r & condi t i on,
const  BdbTi me&         begi n,
const  BdbTi me&         end )  = 0;

} ;

/ /  FI LE:  CdbBase/ CdbCondi t i on. hh

cl ass CdbCondi t i on :  . . .  {
publ i c:

v i r t ual  CdbSt at us st or eObj ect (  CdbObj ect Fact or yBase& f act or y,
const  BdbTi me&        begi n,
const  BdbTi me&        end )  = 0;

} ;

An underlying persistent technology 
implementation of the CdbCondition
class would invoke the above defined 
“ ::create” method of the factory.
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Gener ic FACTORY

/ /  FI LE:  CdbBase/ CdbObj ect Fact or y. hh

#i ncl ude “ CdbBase/ CdbObj ect Fact or yBase. hh”

t empl at e< cl ass PRODUCT,      / /  a t ype of  a ( per si st ent )  pr oduct
cl ass HI NT,         / /  a pl acement  f or  t he pr oduct
. . .  >

cl ass CdbBObj ect Fact or y :  publ i c CdbObj ect Fact or yBase {
pr ot ect ed:

/ /  Cr eat e a new obj ect  f or  speci f i ed val i di t y i nt er val  ( I MPLEMENT)

vi r t ual  CdbSt at us cr eat e(  CdbObj ect Pt r &          obj ect ,
const  CdbCondi t i onPt r & condi t i on,
const  BdbTi me&         begi n,
const  BdbTi me&         end ) ;

/ /  I nvoke a user  def i ned cr eat i on sequence

vi r t ual  CdbSt at us doCr eat e(  PRODUCT&    pr oduct ,
const  HI NT& hi nt  )  = 0;

} ;
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Implementing FACTORY: Objectivity

/ /  FI LE:  CdbBdb/ CdbBdbObj ect Fact or y. hh

#i ncl ude “ CdbBase/ CdbObj ect Fact or y. hh”
t ypedef CdbObj ect Fact or y < ooHandl e( ooObj ) ,  ooRef Any > CdbBdbObj ect Fact or y;

/ /  Fi l e:  CdbBdb/ CdbBdbTObj ect Fact or y. hh

t empl at e< cl ass TRANSI ENT,
cl ass PERSI STENT >

cl ass CdbBdbTObj ect Fact or y :  publ i c CdbBdbObj ect Fact or y {
publ i c:

CdbBdbTObj ect Fact or y(  TRANSI ENT t  )  :  _t ( t )  { }
pr ot ect ed:

vi r t ual  CdbSt at us doCr eat e(  PERSI STENT& pr oduct ,
ooRef Any&   hi nt  )

{
pr oduct  = new(  hi nt  )  PERSI STENT(  _t  ) ;
r et ur n CdbSt at us: : Success;

}
pr i vat e:

TRANSI ENT _t ;
} ;

This is an “ out-of-box” solution for 
those cases when a trivial TRANSIENT-
to-PERSISTENT conversion exists.
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Using the FACTORY: Objectivity
/ /  FI LE:  MyPackage/ MyCl i ent . cc

/ /  TECHNOLOGY:  “ Bdb” ( Obj ect i v i t y/ DB)

#i ncl ude “ CdbBase/ CdbCondi t i on. hh”
#i ncl ude “ CdbBdb/ CdbBdbTObj ect Conver t or . hh”

#i ncl ude “ MyPackage/ MyTr ansi ent Cl ass. hh”
#i ncl ude “ MyPackage/ MyPer si st ent Cl ass. hh”

/ /  Get  t o t he CdbCondi t i on API  obj ect  f i r st

CdbCondi t i onPt r condi t i on . . . ;

/ /  I nst ant i at e a f act or y f or  a pai r  of  c l asses

MyTr ansi ent Cl ass t r ansi ent (  . . .  ) ;
CdbBdbTObj ect Fact or y< MyTr ansi ent Cl ass,

MyPer si st ent Cl ass > f act or y(  t r ansi ent  ) ;

/ /  St or e a new obj ect  ( t he f act or y wi l l  be used)

i f (  CdbSt at us: : Success ! = condi t i on- >st or eObj ect (  f act or y,  . . .  ) )  . . .
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Need more information?

• A successful attempt of using predefined transient containers (tables) 
for  stor ing user  data
– http://www.slac.stanford.edu/BFROOT/www/Public/Computing/Datab

ases/experts/docGenericNTuplesAPI.html

• DOXYGEN generated documentation on Cdb* packages:
– http://www.slac.stanford.edu/BFROOT/www/Public/Computing/Datab

ases/srcDocs/index.shtml

• BaBar CVS repository:
– http://babar-hn.slac.stanford.edu:5090/cgi-bin/internal/cvsweb.cgi/


