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%) Introduction
[

=

® at Prague workshop decided to have
Data format/persistency task force:

“Define an abstract object persistency layer and a
data model for linear collider simulation studies
until the Amsterdam workshop.”

e -> LCIO - Linear Collider Input/Output
© DESY/SLAC/LLR joined project

* design of data model and software introduced at Amsterdam
workshop

* now production version
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*e+,  Motivation for LCIO

II Generator
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LCIO Persistency Framework

Java, C++, Fortran

Java, C++, Fortran
Geant3, Geant4

Java, C++, Fortran

Analysis

Recon-

Simulation struction




LCIO persistency framework
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“s»/  Requirements

%

® need Java, C++ and f77 (!) implementation

¢ extendable data model for current and future
simulation studies

® user code separated from concrete data

format
e -> want to be flexible for future decisions on

persistency
* needed a.s.a.p.
-> keep it simple (lightweight)
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LCIO Datamodel

LCRunHeader

TPCHit

MCParticle

LCEvent

. RECCETTITETTE TR ELEPE e

ReconstructedParticle

[ CalorimeterHit

SimTrackerHit

Track

SimCalorimeterHit I

)

LCIntVec

FloatVec
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Data model - Design

LCRunHearer Data

-+~ CRunHeader Datal )

+get Run Mumber () it

et Detector Nameg ) - const ste::string
+getDescription() : const stdzstring:

et ActiveSubdetectors() | const st:vectar <stzstrings

LCEventData

+~LCEventDataly
-+t Run umier() : int

+get EventNumber() - int

+get Detector Name() : corvst st sstring 4

+gjetTime Starmpl 3 - long

+get CollectionNames( ) : const st vector <sto-string»
+get CollectionData... ) | LCCollectionData”

LCCollectionDats

o, [0zt Number OfElement

+etTypeName( ) con

+uetFlag() tint

+~LCColectionbataty

+getElementAte...) - const LCObiect

sty int
5t stel::string &

Data.

-+~ i Tracker HitDatal )
+getCelliDE) © int

+getFositiont ) - const double”

+getdlEch<() : float

et Timed ) © float

+getMCFarticleDatal’ : const M Particle Data

T Particle Dala.

ML Particle Datar y
-+t Number OfFarents() :int
+getParentDatal...) : MCFParticleData®
+getFDG() int

-+t Generator Statust) < int
+aetSimulator Status) : int
+getiertex() - const double”
+getEndpaint() : canst double™
+EtMomenturn() : const float”
+getMass( ) float

+aietCharge() : float

simulation
output

1
~~LCintvenly

LCFloaties

+~LCFioatvesty

user extensions, e.g.
calibration constants

Calorimeter HData

+etCallDO) «int
+oetClD) Cint
+ojetEnerayt ) - float

TmECalorimeler it Data.

-+~ Calorimeter Hit Datal)

+getFosition() : canst g

+~SimCalarimeter FitDstary
+getCelllDO; Y - int
+getCelllD1) :int
+getEneray() : float

+oetNM CParticles() < int
+getEnercyCont(.. ) : float
+getTime Cont(. - float
+getPDGCON.. ) 1 int
+getParticle ContDatal ..}

+getFosition() : const float

+~TPCHitDatal}
et CelllDg) : int
+getTime() - float
+oetCharge() : float
+getQuality()  int

const MCFParticleData® +getRawDataword(. .)
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+getMRaw Dataliords() : int
tint

Prototype Datg




<interface>>
EVENT:LCEvent

+getRunhiumber()  int
+getEventiumber( - int
+getDatectorName() - const st strings.
+getTimeStamp(
+getCallectionNames( - const StringVec™
+getCallectiont...) : LCCallection”
+addCallection(..) - int
+removeCollection(..)  int

n

Sinterface>>
10:LCReader

10::LOWiter

~LCWiiter)

+open(..) i
+witeRunHeader( ) int
+writeEvent(..) - int
+close( - int

—LCReader)

+apen(..) : int
| +readNextRunHeader() - EVENT::LCRunHeader™
+readNextEvent) : EVENT: LCEvent™
+readNextEvent(..) : EVENT:LCEvent
+close(  int

+registerL CEventListensr(..) : void

+removeL CEventListener(..) - void

TMPL LCEventimal

[FrunNumber - nt
[#_eventhumber - int

|# timeStamp - long long
[#_detectorhNarme - std::strin

[#.map - mutable LCCollectionMap

# colNames : mutable EVENT: StringVec
- Jaccess - int

concrete classes

LCEventimpl(
+~LCEventimpl)

+getRunumber( © int
+getEventNumber( - int
+getDetectorNams() : const std:string&
+getTimestamp0 - long

+getCollection(..) - EVENT::LCColection”
[+addCollection( ) - int
[+removeCallection(_.) - int
[+setRunNumber(..) : void
+setEventNumber(.) - void

| +setDetectorNamef(.. ) - void
+setTimeStamp( .) : void
[#setAccessMode )  void

[+getCollectionNames( - canst EVENT: StringVec”

TOMPL LCEvertiOmmgl

[fiend IO SIOEvertHandler
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510 SIOEvertHandler

e
ot

TOMPL LCEventiompr™
const EVENT..LCEvent”

[FSIOEventrandler)

wersion() - unsigned int
+<etEvent(..) : void

terl CRunListener(...) : void
[ removel CRunListener(..) : void
+readStream() - int

10 SIOVtar

[# evRecord - SI0_record

| estHandler - SIOEventHandler™

| hdrHandler - SIOEventHandler”

|colVector - sta::vector<SIOCollectionHandler™
[sFirstEvent - bool

[etP | EVENT:LCEvent™

10 SIOReader

[F_evtRecord : SI0_recora™
[#_hdrRecord : SIO_record”
[#_runRecord : SIO_record”
[#_dummyRecord : SI0_record™
[# stream : SIO_strearm™

FSiowiter)
+~SI0Wiiter()

+open(...) - int
+writeRunHeader(..) - int
+writeEvent(..) : int
+close( : int
T|#setUpHandiers(...) - void

|- _defaultEt : IGIMPL::LCEventiOlmpl*
| _ewtP - I0MPL::LCEventiOlmpi™™
|- ZrunP - IMPL:LCRunHeaderlmpl™
|- _runListeners : std:set<I0::LCRunListener*>
| _eviListeners - std: set<I0::LCEventListener™>

+SioReader)
| +~SIOReader)

+open(_.) : int
+readNextRuneader) - EVENT :LCRunHeader”
+readNextEvent() : EVENT: LCEvent™
+readNextEvent(..) - EVENT: LCEvent™
+close( - int

+registerl CEventListener(..)  void
CEventListener(.) : void

+registerl CRunListener(.)  void

+removel CRunListener(_.) : void

int
[#sstUpHandlers( : void
[#eadRecord( - int
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LCIO SW-Architecture

JAS/AIDA

root

hbook

common
API
generated from

one source
using AID

LCIO

Java implementation

LCIO

C++ implementation

*_slcio files (SIO)

compressed records,
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%%/ C++ and f77 example code
I ——

—= 8 0.de . = B 0.de B <h —olx
File Edit Options Buffers Tools C++ Help File Edit Options Buffers Tools Fortran Help
Cox0d5 0 BRIV |CO*x 0B ¥ BRIV ?

/i ———— event loop —————- [=} --—- event loop —————-

do 10
gvent = lrdrreadnextevent( reader )
if{ event.eq.0 ) zoto 11

const LCEwvent# event
while{ (event = loRdr->readHextEvent{}} != 0 }{

runnum levtgetrunnumber{ event
evtnum levtgeteventnumber { event
detname = lewtgetdetectarname{ swent )

int runHum = event-»getRunbumber ()
int evtbum = event-»getEventHumber ()
string dethame = event-sgetDetectorMame()

stdicout << " run: << runNum << std:endl write (4,4} " run: ', runnum
stoicout <¢ " evi: 7 ¢4 ewtMum << std:iendl write (s, %) " evi: ", evthum
stdicout << " det: ' << detMame << std:iendl : write (4, %) " det: ", dethame
3 10 sontinue
11 continue
/f-——- end event loop —---—- ---- end svel plus additional methods in f77
- EET—— — for user convenience, e.g. -
-—i-- anajob.cc ++ rev)-—-Li6—— 4%-——-—— ana job. -
. . HEPEVt <-> LCIO
— conversion ]
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e+, LCIO Status
|

e production version 1.0 released:
e C++, Java, f77 complete for simulation data
¢ and generator data ( HEPEvt<->LCIO )
simple example code for all languages
‘real world” examples (JAS3, root, hbook)
documentation
e users manual
® API documentation HTML (javadoc, doxygen)
¢ available for download via CVS
* linux (gcc), windows (cygwin)
® schema evolution from now on (reading old files)
* API stable (only extensions)
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Javadoc example

ETLCReader (LCIO API D Version v00-04] - Microsoft Inter et Explorer ==
[ £l pde pew Fgootes Jock &
Qo+ Q- [#) B @ Psmwen Jrrmenes @t &) (2- 05 B[
:.—. oss dosy. _sava Rmader i ] Boe s
Google - =| web-tuche gttntuche | PERE € cenifo - Ehdwats <
-
Method Summary
| clowe ()
Closes the cutpu Blelstream et
“*|open(String £ilename)
Opens a file for reading (read-anly)
RERA | ¢l L (int rurNumber, 16t eviNumber)
Beads the specified event from e
REREME | o adBesct Event (1
Eieardds the neat event Fom the Bl
RERAME | poadiextEvent [int acceastode)
Same as above allowing to st the access mode (LOTO-READ_ONLY is defudt)
e p—
Beads the nast ruo header Erom the Se.
| peadSteeami)
Eeards the input stream and notfics registered huteners accerdng to the shject type found in the srein
el EventList: [LEEventLiss 1)
Regsters a Estener for reading LCEvents from a stream.
it regieterl CRunl i gtener (LCRuUnL r im)
Begsters a kstener for reading LCEvertsLCRinHeaders from a stream
waid 1 CEyentList [LOE tListes 1a)
Eemeve a bstener for reading LCEvents Brom a strcam.
vald LCRunLAst (LSRUDL s
Remove a Estener for reading LCRunHeaders from a stream
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DES

¢~/ Doxygen example

. File Edit Yiew Go Bookmarks Tools Window Help

‘g @ @ @ [[% filez/ifats/desy ue/user/gfgaeue/\mnmevel/lEm—vl]l]—tl7neta/dncmnxygen_aplfhlmh’g [Cy Searcn | egﬂ .H

W Hnmel [F3Bookmarks E3simulation/gean.. - Google EJLinux % DESY IT Group % LEO English/G.. % LCIO 5 JURItEE TestRu.

Main Page List Class Hierarchy Compound List File List Compound Mermbers

DATA::LCObject Class Reference

The generic object that is held in sn LCCollectionData. More
#include <LCObject.h>

Inheritance diagram for DATA:LCObject

DATA:LCObject

| DATa:CslorimeterHiData | [ DATazMCPadicleDala | | DATA:SmCalorimetertitData | | DATA:SimTrackeHiiData |
[ EVENT:Calorimetertit | | EVENT:MCParticle | [ EevenT:simCalormeterit | | EVENT::SimTracke Hit |
‘ IMPL:Calarimete rHitimpl ‘ | IMPLMCParticlelmpl | ‘ IMPL: SimCalorimeterHitimpl ‘ ‘ IMPL: SimT racke Hiflmpl |
‘ 10IMPL - Calarimete rHitlGImpl ‘ | I0IMPL :MCParticlel Olmpl | ‘IO\MPL S\mCa\nrlma(eerOImp\‘ ‘ |0IMPL: SimT racke rHillCImpl |
List of all members
ODES 0] I F=r /|
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LCIO Customers/Users

ECFA Workshop, Montpellier - Nov 14, 2003

Mokka simulation (v08-00)
® update to v01-00 within ~1 week
Brahms reconstruction
¢ under development (H.Vogt)
-> to be release in ~2 weeks
JAS3
® provides convenient file browser
¢ will have LCIO-WIRED plugin
-> generic event display !
Calorimeter group ( DESY )
¢ will convert MiniCal raw data to LCIO files
® to be used also for HCalPPT
TPC groups (DESY & LBNL?)
e will use LCIO for prototype
other groups looking into using LCIO

Frank Gaede, DESY -IT-
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File Edit Yiew Tuple Run LCIO Window Help
E# = A ‘ B pysimjob.slcio ~ ‘« b @
Datasets | |((gWelcomie 5 LCIO Event |
8 psmjonsicinl | pun:gga9 Event 1
Bvent [Collection: MCParticle type:MCParticle size:473 flags:0
i M Type Status Parent FX B PZ Mass
DO S B 2212 Document o [ 7000.0 093827 -
1 2212 Document 0 0 -7000.0  [0.93827
z 21 Documert... |0 0.25815  |-0.27900 |6.5793 0
i -3 Document.. [1 -0.45454 |-0.36117 |-1802.7 [0
14 4 Documert.. |2 -0.40964 |-1.0530 |2.2164 0
is -3 Document.. 3 -13.179  [1.9646 -717.51 [0
5 22 Documert... 4,5 0.78672  |0.69178 |-4.4768 |0
7 24 Document.. [4,5 -14.375  [0.21879  |-710.81 |80.667
8 22 Final State |6 0.78672  |0.69178 |-4.4768 |0
HE) 24 Intermediate|7 -14.375  [0.21879  |-710.81 |80.667
10 3224 [Intermeciiare|1 0.16978  |0.20640  |-1483.5 |1.3846
11 -4 [Intermediate|2 1.0287 084333 [2.4188 1.3500
iz z [Intermediate|o 0.080131 |0.087964 [0.31987 |5.6000E-3
1z -3 [Intermeciiate|s -11.920  [16.413 -260.20 [0.19300
14 21 [Intermediate|s -9.7052  |16.270 -246.29 |0
1. 21 [Intermeciiate|s -0.18941 [-0.12814 |-6.3494 [0
. . R 21 [Intermediate|s -0.47022 |-0.21941 |-2.9564 [0
http://jas.freehep.org/jas3/index.html I 21 Intermediate 041252 |0.36534  |-2.3612 O
T " |21 (Intermediate 9 -0.11239 |-0.075933 [0.055171 |0
13 21 [Intermeciiate|s 13372 -4.4404  |-32.038 [0
20 4 [Intermediate|s 6.2717 -27.965 |-160.67 13500
21 H [Intermeciiate -3.5848  [-23.3256  |730.00 0
i22 -2 [Intermediate; 3.5848 33256 -35384 [0
122 1 [Intermediate -2.7119  [2.7973 2.4939 0 -
Analyzed 1 records in 70ms
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e~/  Future developments
[
® implement reconstruction data model

¢ add convenient methods
* looping over MCParticles
¢ analyzing parent/daughter relationships

* add possibility to store more generic user
data (calibration constants etc.)

* respond to user requests
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Towards a simulation framework
LCIO

Persistency

(. (W (W (W

Mokka 00-Reco

Simulation Digitization Reconstruction
enerator . .
Geometry
Geometry
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Summary

® LCIO, a persistency framework for the LC:

Java, C++ and f77 user interface
Java and C++ implementation

data model for simulation and prototype data
e reconstruction soon to follow

® production version released (1.0)

® used by several groups and tools
others invited to join !

® see LCIO homepage for more:

http://www-it.desy.de/physics/projects/simsoft/Icio/index.html
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