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| ntroduction

« CDB isthesecond generation Conditions Database of the Experiment
e |tsroleis:

— To store time sensitive information about hardware and software
environment (hence: conditions) in which detector events get acquired,
modeled, processed and analyzed

« Conditions and events are linked indirectly viatwo keys:
— Primary: event time (validity timein CDB)
— Secondary: unique state identifier of CDB or arevision of a particular condition

e Same product (database and software) isused in:
— ONLINE : DAQ, Detector Control, Level-3 Trigger
— OFFLINE : Reconstruction, Simulation and Analysis
* Kindsof information stored:

— Detector aignments, constants, electronics wiring maps, calibrations,
efc.

* Information update frequency:

— Varies from minutes and hours (for calibrations) to months and years
(alignments and constants)
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An Original Conditions Database

1996 1997 1998 1999 2000 2001 2002 2003 2004

Persistent technology: Objectivity/DB

Went through a number of evolutionary improvements
— For functionality, scalability and performance

Areas of major problems (by 2001)

— General design
» A conceptual model of the database was too simple to meet emerging regquirements
» Database was not specifically designed to be used in a distributed data processing chain

— ItsAPI

* Was not persistent technology neutral
» Was exposing an implementation of metadata

— Performance and scalability
* Was poor, in particular for automatically produced OFFLINE calibrations
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CDB - The Second Gener ation Database
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1996 1997 1998 1999 2000 2001 2002 2003 2004

A product of adeep redesign
— “Critical mass’ of dissatisfaction with the original database (by 2001)

— The evolutionary improvements approach failed in addressing new challenges
of the Experiment!

Based on an experience of thefirst 2 years of the Experiment
Still uses Objectivity/DB (current implementation)
— Brand new metadata
— Flexible data clustering
— Inherited old user defined schema
— Inherited previoudly stored condition objects (payload)
Opened a path for other persistent technologies be used in the database
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An Overview of CDB...
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CDB : New Design

» CDBisadistributed database

— From the ground-up, CDB is designed to serve applicationsin a
distributed data processing chain of the Experiment

« CDB isbased on arevised logical model:
— A concept of the origin
— A 2-D space (validity and insertion time) for time sensitive elements
— A concept of the partition
— A concept of the view

— A concept of the State | dentifier

» A global (in the scope of the distributed database) secondary key for CDB contents
to resolve an ambiguity when there are two or more objects for the same validity
time

« CDB hasbrand new API (C++)
— To reflect new concepts introduced in design
— To be (mostly) persistent technology neutral
— To alow multiple simultaneous implementations (and technol ogies)
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CDB Concepts: Origins

ORIGINS provide a top-level scope Each database installation is
and owner ship for persistent associated with its native origin
CONDITIONS (shown as solid shapes on the
PARTITIONSand VIEWS picture).

The contents of a
particular installation
may not be up-to-date but
It must be consistent.

/

A particular database
installation may also have data
originating from other (foreign)
origins.

4...................
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DB Concepts: Origins: Mirrors

MIRRORS of a REFERENCE
database installation of a
particular origin can also be

established.

All persistent datain amirror
are available in read-only mode
only!

CDB usesthisdatareplication
model for two reasons:

» Toresolve performance
bottlenecks of a single
installation in highly parallel
processing scenarios, and also

* For geographically
distributed processing schemes

™ mirrors
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CDB Concepts: 2-D space of conditions (1)

For conditions, CDB introduces a simple geometric model in which conditions ar e containers
providing 2-D space (INSERTION and VALIDITY timelines) for objects.

insertiﬁn time Barsarerepresenting
_individual CONDITON
OBJECTS
DeC 13 [-----mmmmemns oo —— o Each such object is valid

Y B N ClUring Certain

VALIDITY INTERVAL

Each object isassigned
an INSERTION

Oct 7 4----------- _ (creation) time when
oct 6 |- I SLO" &

validity time

A 4

1234 1235 1236 1237 ... (run numbers)

b

Run numbers are used in this picturejust for simplicity. The actual CDB API and its
implementation use a special class representing time: BdbTime
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CDB Concepts: 2-D space of conditions (2)

RESOLVING OBJECTS: in this oversimplified example only the most recent conditions
“visible” from some point of the INSERTION timeline ar e seen.

insertion time
1 I I I I I I
I I I I I | &-
| | | | | |
| | | | | |
Dec 13 L
| | | |
Dec 12 L
! : | | Some obj ects may
-
: L T e be_completely
! ! “hidden”.
Oct 7 |
|
Oct 6 e
» validity time
1234 1235 1236 1237 ... (run numbers)
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CDB Concepts: 2-D space of conditions (3)

Two types of validity intervals: ORIGINAL and VISIBLE.

insertion time VISIBLE intervals

/ define how we seethe
validity of stored objects
from certain projection
(TOPMOST projection
IS shown).

A

ORIGINAL intervals
reflect original user
intentions. Thisiswhat is
actually stored in the
database.

» validity time

VISIBLE intervals may not actually exist in the database in a form of persistent structures.
These kind of intervalsisrequired by the current conceptual model of CDB.
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CDB Concepts: 2-D space of conditions (4)

REVISION isa*high-watermark” in theinsertion time of a condition separ ating objects
stored before from the ones stored after certain INSERTION time.

insertiﬁ” time An example of using a user defined REVISION
to access objects stored before October 8. Ignore
the newest ones.

Dec 13 |

REVISION isa
Dec 12 | complementary
concept to the
“End_of Run3” | previously introduced
Oct 8 F---a---r-=9---"-=-T7-~--|—=——=—--—=—-=-=-=------ VISIBLE interval. It’s

Oct 7 | TEBIE 1| 2IEMETL
projections.
Oct | ——

» validity time

1234 1235 1236 1237 ... (run numbers)

REVSION isidentified by itstimestamp (in the INSERTION timeline) or an arbitrary name
specified by a user at itscreation time.
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CDB Concepts: Partitions

REP 2 REP 1 PROMPT _REC
o ! ! o]
msertlﬁn : :
| |
| |
— — o —
Dec 13 I L
| |
Dec 12 |
:
|
|
: read only
Oct 7 I
Oct 6 I

»
»

PARTITIONS are sub-
spacesin the 2-D space
of certain conditions.

Not all conditions are
partitioned. Only those
onesto be modified by
different activitiesat a
timeor at different
locations.

It’sa foundation for
DISTRIBUTED
conditions.

validity time

Partitions are owned by ORIGINS. All storing oper ations for new objects ar e confined

within the limits of the corresponding partition.

Meanwhile, partitions ar e transparent to the data access oper ations.
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CDB Concepts: Views: Namespaces

THE GENERAL IDEA: aconcept of the VIEW letsusto treat the database contents in
different waysfor variouskinds of clientsor CDB installations.

Physical conditions

14

VIEW /
— A
EmCal DriftChamb Alignments
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CDB Concepts: Views: Configurations

Each condition in a view hasa CONFIGURATION implicitly defining a secondary key
(REVISION) to be used when resolving intervalsin the condition. Views allow to avoid
knowing explicit secondary keyswhen thereisan ambiguity of multiple objects at the same
point of validity time. Views are used as single configuration keysfor CDB applications.

View 1
A ! Condition X
Leooboooooocs Rev.B
——
|
|
9/29/2004

View 2

Condition X

v
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CDB Concepts : Scope & Ownership Diagram

DATABASE

!

ORIGIN provides scope
:V \‘\A

PHYSICAL CONDITION P-LAYOUT VIEW
(2-D SPACE) (2-D SPACE)

< /
REVISION PARTITION
l uses FOLDER

VISIBLE INTERVAL = = = =» ORIGINAL INTERVAL

1

USER DATA OBJECT CONFIGURATION
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Using CDB in BaBar ...
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AMBIENT COND14BOOT MC12BOOT
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o SP5
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Legend:
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AMBIENT COND14BOOT MC12BOOT
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Current Database Status : Schema

» Persistent technology: Objectivity/DB (DDL)
o Complex model of metadata
— Not so many persistent classes though (<50)
— Not very OO (more like arelational schema)
— Several non-trivial solutions for performance and efficiency (of the persistent
Space usage)
A variety of user defined payload classes
— Over 400 of persistent classes
— About 20 of them are “composite” ones
— (Almost) no control on how users do their modeling
— No common design pattern (except “cut-and-paste”)
— Using OO in “full throttle” (1)

e Issues
— Too many users were involved into persistent technology specific development
— Too much freedom in away the classes are defined complicates any migrations
— Wasit really necessarily?
» Perhaps 95% applications can be solved using “cookie-cutter” approach?
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Current Database Status: Schema : Tables

 Added in 2004
— A CDB API and persistent schema extension for storing

tables (N-Tuples) with user data

o (Practically) unlimited size

* Only primitive types of elements are supported
* NoO need to develop new persistent classes

» |sgood for certain applications only

e |sused in production
— Seenext dide...
e Can beeasly implemented in other technologies

A similar model can befollowed to build other types of
predefined containersfor user datal
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Current Database Status: Size

32 GB as of today
1.5 million of persistent objectswith user data
Over 400 of physical filesin an Objectivity/DB federation
Nearly 500 various conditions before Summer 2004:
— 2/3-rd of them originated in ONLINE
— 1/3-rd originated OFFLINE

« 38 of them are so called “rolling calibration”-s

About 1400 of new “PID Efficiency Tables’ and "SVT Tracking
Tables’ conditions put into CDB just recently:

— All belong to OFFLINE

— Use CDB API “N-Tuple’ extension

— Contributed nearly 1 GB into the overall size
8 origins
40 views
20 partitions
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| ssues, Developments, Etc...

« Major issues
— Synchronizing distributed database installations

* Not atrivial problem (even though CDB has the corresponding provisionsin its design)
* We'restill looking into more adequate mechanisms and technologies

— Managing database contents (conditions, partitions and views)
* A complex logical model of CDB requires more management work
» Usersalso need to be educated in CDB
» Corresponding procedures and protocols are yet to be finalized

— A very complex user defined schema
» |t'sdifficult to migrate the contents of CDB to other persistent technologies
 Developments...
— Aremostly related to BaBar’'s “Computer Model 2” (CM 2)
— Implementing CDB in:

« RDBMS (MySQL) and ROOT/CINT objects as BLOB
— For read+write use (central production model for “core* databases)

e Pure ROQT I/O
— For read-only use (export model for “mirror” databases)

— Migrating CDB schema and contents from Objectivity/DB into ROOT/CINT
* Open questions
— What we're going to do with CDB inthe GRID “era’?
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Summary

 The Conditionsdatabase of BaBar went through two major iterations
In itshistory
 |mportant lessonslearned in...
— Understanding needs of the contemporary HEP experiment
— Formulating an adeguate logical model of the database
— Designing, implementing and managing a distributed database
— Coping with performance and scalability challenges

— Finding aright level of interaction between database managers,
conditions developers and users

— Using Objectivity/DB in the database implementations
* Most problematic areasare (still) in...
— Synchronizing distributed database installations
— Managing database contents
— Dealing with avery complex user defined schema
CDB isundergoing the persistent technology migration
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