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an d  Con v ers i on  M echan i s m

�What we want
�Main components and contributors
�Main design issues and 

component walkthrough
�Documentation
�Performance

CAT team, M. Frank, G. Govi, I. Papadopoulos



M.Frank CERN/LHCb    2CHEP 2003 March 22-28, 2003

MotivationMotivation

� Save and restore physics data independent of
the u nderl ying  data storag e technol og y

�Keep full connectivity between objects

� A ddress data sou rces of different natu re

� E vent d a ta ,  d etector  d a ta ,  sta tistica l d a ta ,  …

� T h e d a ta  siz es:  O ( 1 0 6)  to O ( 1 0 1 3 )  B ytes/ ex per im ent/ yea r

� T h e a ccess pa tter ns d iffer

� H ide any technol og y detail s from  the cl ients

� H id e a ll ca ch e/ per sistency specific d eta ils 
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Breakdown of Major ComponentsBreakdown of Major Components

Transient Data Cache

Persistency Service

Storage Service(s)

ClientClientClient

RootStorageRDBMS Prototype

G.Govi
0.5 FTE

I.Papadopoulos
0.5 FTE

M.Frank
0.5 FTE

CAT Team
?? FTE
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Cache Access Through ReferencesCache Access Through References

� References know about the Data Cache
� 2 operation modes: - C l ear at c h ec k point

- A u to- c l ear w ith  ref erenc e c ou nt
- W ith / w ith ou t ob j ec t del etion

Object Reference in Cache ManagerObject Reference in Cache Manager

Reference to Cache ManagerReference to Cache Manager

Ref<T>Ref<T>Ref<T>

Pointer to objectPointer to object

Dereference

�References are implemented as smart pointers

� U se cache m anag er for “ l oad - on- d em and ”

� U se the obj ect key  of the cache m anag er
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Object CacheObject Cache

Data ServiceData Service

Manages 
object cache

Manages 
object cache

Client Data AccessClient Data Access

ClientClientClientClientClientClientClientClientClient Ref<T>Ref<T>Ref<T>

Object CacheObject Cache

Data ServiceData Service

Ref<T>Ref<T>Ref<T>
Object CacheObject Cache

Data ServiceData Service

Ref<T>Ref<T>Ref<T>Client access
data through 
References

Client access
data through 
References

Different context
�Event data
�Detector data
�other

Different context
�Event data
�Detector data
�other
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Access to the DataAccess to the Data

(5) Register
-Object
-References

(2) Look-up

Data CacheData Cache

Will be unsuccessful,
requested object is 
not present

Will be unsuccessful,
requested object is 
not present

(3) Load request

Persistency
Service

Persistency
Service

Technology dispatcherTechnology dispatcher

Data ServiceData ServiceClientClientClient

(1) read(…)

Ref<T>Ref<T>Ref<T>

Try to access
an object data
Try to access
an object data

Storage
Service
Storage
Service

Common HandlingCommon Handling
Conversion

Service
Conversion

Service
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Map objects and writeMap objects and write

Storage
Service
Storage
Service

Storing objects Storing objects 

Ref<T>. mark for writeRef<T>. mark for writeRef<T>. mark for write

Start TransactionStart TransactionStart Transaction

Commit TransactionCommit TransactionCommit Transaction

Persistency
Service

Persistency
Service

Technology dispatcherTechnology dispatcher

Object CacheObject Cache
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Common handlingCommon handling

Conversion
Service

Conversion
Service

cache.startTransaction(...)

Ref<T>.mark_write(placement)

...

Ref<T>.mark_write(placement)

cache.endTransaction(...,COMMIT)



M.Frank CERN/LHCb    8CHEP 2003 March 22-28, 2003

Common Transaction ModelCommon Transaction Model

� Implemented by persistency service package

� M ain client is th e data cach e

� A cts o n all o pen databases

�Transaction handling: start, commit, rollback

� P ros and cons

� C an’ t “ f orge t”  an op e n f ile

� N ot f or f re e  ( C P U , I / O  e tc. )



M.Frank CERN/LHCb    9CHEP 2003 March 22-28, 2003

The Storage MechanismThe Storage Mechanism

�The underlying model assumptions

� M igrating ob j ec ts to/ f rom the persistent medium

�Object mapping

� R ef erenc e handling

� R ef er ences  ar e o bjects ,  no t pr imitiv es

� N eed  s etu p:  R ef er ence to  d ata cach e

� R OOT :  C al l back  f o r  bas e cl as s  ( S tr eamer )
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Model AssumptionsModel Assumptions

Data Cache

S to r ag eM g r

Disk
Storagedatabasedatabase

Database

ContainerContainer
C o n tai n er

ObjectsObjectsObjectsObjectsObjectsObjectsObjects
O bj ec ts

•Class type

Storage type

DB name

Cont.name
Item ID
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Object RenderingObject Rendering

� Objects must maintain personality when persistent

� Allow for queries, selections and independent element access

� I f  technolog y supports objects…

� W ant to mak e use of such  features

� T h ese tech nolog ies must b e instructed h ow to do it

� N eed ob j ect dictionary

� I f  technolog ies support only primitiv es

� S plit ob j ects into primitiv es [ until reasonab le lev el]

� N eed full access to ob j ect memb er data [ memb er offset, ty pe]

� C onstructor and D estructor with  defined sig nature

� N eed ob j ect dictionary
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Technology dependent

.h.h

ROOTCINTROOTCINT

CINT dictionary codeCINT dictionary code

Dictionary
Generation

C
IN

T
 

d
ic

ti
o

n
ar

y
C

IN
T

 
d

ic
ti

o
n

ar
y

I/OI/O

Data I/O

SEAL Dictionary: ReminderSEAL Dictionary: Reminder

GCC-XMLGCC-XML

LCG dictionary codeLCG dictionary code

.xml.xml

Code GeneratorCode Generator
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Column Wise Object LayoutColumn Wise Object Layout

� Object must be split
in to  pr imitiv es

� Done by ROOT

� C o lumn s w ise d a ta  suppo r t

� F o r  P OOL  ( usin g  R OOT )

� Obj ec t s  a r e p r i m i t i v es

� B ut a lso  P OOL  ca n  split

� E a s e s u p p or t  f or  “ s t u p i d ”  
ba c k - end s  ( RDB M S )

� S t or e m or e c om p l ex
obj ec t  m od el s

px py pz E … m_?

... ... ... ... ... ...

Object1 Object2 … Object n

... ... ... ...
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Follow Object AssociationsFollow Object Associations

Link ID Link Info

DB/Cont.name,...

... ...

<number>

Local lookup table in each file

(1)

<…><…>

<…><p o i n t e r >

TokenO b j ec t

(2)(3)(4)

Entry IDEntry ID

L i nk  IDL i nk  ID
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The “Link” TableThe “Link” Table

�Optimize size of persistent data

�Keep full functionality

� C ontains al l  information to resu rrec t an ob j ec t

� S tor ag e type

� D atab as e nam e

� C ontainer  nam e

� O b j ect type

� L oc al  to ev ery  datab ase

� L im ited  s iz e,  s calab le
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DocumentationDocumentation

� Interface design documents

� P ub l ish ed p ap er

� S ome dox y gen generated documentation

� M any  ex amp l es ( too many ? )

� C ode is stil l  q uite rap idl y  ch anging
� It’s a bit early for a stable reference manual

� G ood  reference manual w ill h av e to be ad d ressed

� M ay be d ox yg en based

Could be worse, but certainly is not the most

g lorious p oint on the ag enda
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Software dependenciesSoftware dependencies

Data Cache &
Storage Manager

SEAL Plugin Mgr

ROOT
SEAL Dictionary

SEAL Framework

ODBC

ROOT backend

RDBMS backend

Run-time dependency

Comp, link & run dep.
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CPU Performance (write)CPU Performance (write)

� CPU Usage 
as f u n c t i o n  o f

� #events

� #tr a c k s/ event
( E vent si z e)

� #events/ tr a nsa c ti o n

� B e c ar ef u l

� D o n’ t c o m p a r e
a p p l es a nd  o r a ng es

� S m al l  ev en t s
&  m an y  t r an sac t i o n s
= >  PO O L  get s b ad
F r am ew o r k  o v er h ead
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CPU Performance (read)CPU Performance (read)

� CPU Usage 
as f u n c t i o n  o f

� #events

� #tr a c k s/ event
( E vent si z e)

� #events/ tr a nsa c ti o n
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CPU per Event and Track (read)CPU per Event and Track (read)

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

C
P

U
 ti

m
e/

E
ve

n
t [

se
c]

POOL(Key)

POOL(Tree)

ROOT(Key)

ROOT(Tree)

0

0.00002

0.00004

0.00006

0.00008

0.0001

0.00012

0.00014

C
P

U
 ti

m
e/

T
ra

ck
 [s

ec
]

POOL(Key)

POOL(Tree)

ROOT(Key)

ROOT(Tree)

M
any tracks

M
an

y 
tra

ck
s

[ Numbers by Ioannis ] [ Numbers by Ioannis ]



M.Frank CERN/LHCb    21CHEP 2003 March 22-28, 2003

File size File size 

� Disk Usage 
as f u n c t io n  o f

� #events

� #tr a c k s/ event
( E vent si z e)

� #event/ tr a nsa c ti o n

� N o  b ig d if f er en c e
t o  R O O T
( n o  su r p r ises)
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Further DevelopmentFurther Development

� No open milestones

� F u r th er  d ev elopments

� Depends if someone has time

� P l enty  to do

� R DB M S  integ r ation

� R O O T  b ac k end w or k s,  b u t is not per fec t

� O ptimiz ations:  S peed,  C I N T  u sag e etc .

� M y  par t w il l  g o dow n ( P O O L  integ r ation in G au di for  nex t ½  y ear )

� i. e.  l eft w ith 2  x  0 . 5  F T E

� M a intena nc e w ill g o u p

� B u g s star t fl ow ing  in
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ConclusionsConclusions

�Cache and storage manager work well

� … at least we su rv i v ed the f i rst release( s)

� S olu ti on got p i cked u p  b y  3  ou t of  f ou r ex p ts.

� W e hav e not seen dramati c p enalti es &  ov erheads

� N o p lans f or many  new dev elop ments

� F ocu s on consoli dati on and op ti mi z ati on


