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LCIO Project Overview

o« DESY/SLAC (LLR) project team:
provide common basis for ILC software

o Requirements:
need Java, C++ and {77 (!) API

extendable data model for current and future
simulation and testbeam studies

user code separated from concrete data format
easy to adapt LCIO in existing applications
no dependency on other frameworks

-> keep it simple & lightweight
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LCIO persistency framework

@ implementation
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LCIO SW-Architecture
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Data Format (persistency): SIO

o SIO: Simple Input Output
» developed at SLAC for NLC simulation
» already used in hep.lcd framework
» features:
» on the fly data compression [
» some OO capabilities, e.g. pointers [
» C++ and Java implementation available [
» Nno direct access L[]
-> use fast skip [
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Implementation details
e

o« common Java, C++ » Fortran interface:
Interface: « use C++-wrapper
. AlD-tool from freehep.org functions and cfortran.h
» define interfaces in Java- » One function for every
like language with C++ class member function
extensions » use integers to store
. -> generates files with Java pointers !
Interfaces » -> 0O0-like code in fortran

» ->generates C++ header
files with pure abstract base
classes
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LCIO Design

=<intefface=>
EVENT::LCEvent

+~LCEvent()
+getRunMumber() : int
+getBventMumber) : int

o> =S

<<interfaces:>
10 LWy riter

+~LCWYriter)

+getDetectorMamel) : const std:: string&.
+getTimeStampl) @ long
+getCollectionMames() : const Stringec™
+getCollection(...) ; LCCollection™
+addCollection(...) : int
+removeCollection(.) @ int

i)

MPL LCEvertimpl

# runMurmber : int
# eventMumber : int

+open(...): int
+writeRunHeader(...] : int

namespace: EVENT

+writeEvent(...) : int
+closel) @ int

# timeStamp : long long

# detectorMame : std::string

-_access :int

FLCEventimpl() Qtl—a‘e?ﬁ
+getEventMumber() : int

+getDetectorMame() : const std::string &
+getCollectioni...) : EVENT::LCCollection™
+addCollection(...) : int

+setEventMumber(...) : voi

+setDetectarMame(..) : vo

namespace: I

l
l
MPL |I

d

# map : mutable LCCollectionhap

# colMames : mutable EVENT:: Stringvec
+~LCEventlmpli

+getRunMurmber() : int

+getTimeStampl) : long

+getCollectionMarmes() : const EVENT:: Stringvec™
+rermoveCollection..) : int

+setRunMumber(...’ : void

+zetTimeStampi...) : wvoid

#sethoccesshodel. ) © void

10IMPL:: LCEventl Olmpl

friend S10:: SI0EventHandler
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S0 SI0Writer

# evtRecord : S10_record™

# hdrRecord : SI0_recard™

# runRecord : 510 record®

#_strearn : S0 _stream™

-_evtHandler : SIOEventHandler®

-_hdrHandler : SIOEventHandler®

-_colvector ; std:vector=SI0CollectionHandler >
-isFirstEvent : bool

-ewvtP @ EVENT:: LCEvent™

_—_—__—_—_—_—_—_—_—__—_—_—_—_q

=<interface>>
10 LCReader

+~LCReader()

+open(...] : int

+readMextRunHeader) : EVENT::LCRunHeader™
+readMextEvent() : EVENT. . LCEvent™
+readMextEvent(...) : EVENT::LCEvent™
+closel) @ int
+registerLCEventListener(...) : void
+removelLCEventListener.. ) : void
+registerLCRunListener. ) : void
+removeLCRunListener(...) : void
+readStream() : int

IL | | | | |

Sl SI0Reader

# evtRecord : S10_record™

# hdrRecord : SI0_recard™

# runRecord : S0 _record®

# dummyRecord : S10_record™
# stream @ S0 _stream™

+SI0Writer])
+-SI0WWriter()

+open(...) : int
+writeRunHeader(...) : int
+writeEvent(...) : int
+closel) @ int

- defaultEwt : [QIMPL:: LCEvent|Olmpl*

-_evtP o I0IMPL: LCEventlOlmpl™

-_tunP : IMPL: LCRunHeadetmpl™
-_runListeners : std::set=<|0:;:LCRunListener™s
-_evtlisteners : std::set<I0:LCEventListenert>

+SI0Reader()
+Sl0Reader()

/#setUpHandlers(...) - woid

SI0: SI0EventHandler

-_evtP @ I0IMPL: LCEventOlmpl™
-_evt : const EVENT: LCEvent™

#SIOEventHandler()
+SI0EventHandler(...)
+SI0EventHandler(...)
+~SI0EventHandler()
+xfer(...) : unsigned int
+yersion() : unsigned int
+setBvent(...) : void

persistency
Implementati
on

I
I
I
— A
I

+open(...] : int
+readMextRunHeader() : EVENT::LCRunHeader”

+readMextEvent() : EVENT: LCEwvent™
+readMextEventl...) : EVENT::LCEvent™
+closel) : int
+registerLCEventListener(...] : void
+removelLCEventListener...) : void
+registerLCRunListener(...) : void
+removel CRunListener...) : void
+readStream() : int

#setUpHandlers() : void

#HeadRecord() : int

L _— _— — — — — — [ B _—
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Data Model |

[ CEvent }CCollection
LCODbject
* Type
* Event number e Name
* Collections e Elements ]
econstructed
Particle
MCParticle
LCRun . . Cluster
SimCalorimeterHit alorim rHit
* Run number ]
* description SimTrackerHit T ackerx\-lit Track
TPCHit '
The LCEvent serves as a
container of named LCFloatVec
collections of the various .
data types in LCIO User extensions}j CIptVec
(LCOhbject subclasses)
LCGenericOhjE(;‘
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Data Model Il

RawCalorimeter
SimCalorimeterHit Hit

MCParticle

CalorimeterHit
Reconstructed
| Particle

SimTrackerHit

Monte Carlo
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Data Model [l

MCParticle =]

sKinematics (4Vector)
*Parents/Daughters
eGenerator Status
*PID

*Vertex

* > all of HEPEVT

* + Simulator Status

* + Endpoint

SimCalorimeterHit

s CellID
* Energy/Amplitude
* Position (opt.)
— * MCParticle Contributions

SimTrackerHit

* Position
e dEdx
* MCParticle Contribution
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Data Model IV

RawCalorimeterHit

CelllD
Amplitude
Time (optional)

" TPCHit

CelllD
Time
Charge
Add more specialized )

classes as needed
-> user request !
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CalorimeterHit

CelllD
Energy

Time (opt.)
Position (opt.)

Serve as
interface classes to
reconstruction

TrackerHit

Position
Covariance
dEdx

raw hit
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Data Model V

Cluster

* Energy

* Position

* Direction

* Shape
Hits

* Clusters

Track

*(d0.£.w.z0,tanA
¢ dEdx

* Frrors
Chi2
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ReconstructedParticle

* Kinematics (4Vector)

* Charge, Mass,...

* Reference point ReconstructedParticles

can be simple particles

and compound objects
like jets, vertices,...

* eITOTS
* Particlelds
Clusters

ParticlelD

* Tyvpe/PDG

e Likelihood

* AlgorithmID
* Parameters
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Example of LCIO Event

Collections

Track
TPCTracks |
VIXTracks | unicue & complete
SITTracks \ \\i
CombinedTracks
‘“‘“-\ﬁ_ Reconstructed Juts
Particles
/
b e B /}7 B-candidates
EcalCluster
HealCluster K s-candidates
Cluster
/-
MCParticl .
R ReconstructedParticle
MCParticle LCEvent
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LCIO status — features

o first official release v01-00 (Nov 2003)
simulation data model (MCParticles+ SimHits)

o release v01-03 (Sep 2004)

reconstruction model (Rec.Particle, Tracks, Clusters)

user extensions (LCGenericObject)

raw data classes

support for CLHEP four vectors

transient data collections

StdHep interface

run, event and collection parameters

-> store meta data describing what is in the collections

o release v01-03-01 (last week)

minor bug fixes — 100% compatible with 1.3
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LCIO online documentation

File Edit View

Go  Bookmarks Took  Help

@808

hetpiico.desy.defo01-03jdecjopifndexhend || [ICL

Yes, thereisdocumentation ...

ers manual v01-03 - Mozilla Firefox

biew Go Bookmarks Tools Help

B O0®

hitpi/ flcio. desy def+01-03(doc/manual_htmiimanual.itral |+

e

77 IMPL: Olusterlmzl Olass Tiefezenze

Fincint Clatir
[P —

o i e e (3 et

. —

Protectad M Hunctions

]

(D etionZin (et

e
(IEY;

<data type="int" name="nTrack"/>
- <repeat coumt="nTrack">
<data type="int' name="type">Type of Track, ¢ g. TPC, VTX, STT</data>
<data type="foat" name="d0">Impact Parameter in r-phi</data>
<data type="float’ name="phi">Fhi of track in r-phi</data>
<data type="float’ name="omega">curvature signed with charge=idata>
=data type="float' name="20">Trnpact Parameter in r-z</data>
=data type="float" name="tanLambda">tangent of dip angle in r-z=/data>
<data type="float[15]" name="covMatrix"> Covariance matrix<fdata>
<data type="float[3]" name="referencePoint">Reference point {zy.z) </data>
<data type="float" name="chi2">chi**2 of fit=/data>
<data type="mt" name="ndf">ndf of fit</data>
"float” name="dEdz">dEdz<idata>
"float" name="dEdxError">Error of dEdz</data>
<data type="float" name="radiusOffnnermostHit" >radius of mnermost hit used mn track
<data type="int" name="nHitMumbers"/>
- <repeat comnt="nHitNumbers">
- <data type="int" name="subdetectorHitMumbers">
mumber of hits in particular subdetecters. TODO need way to define mapping in
<fdata>
=frepeat>

<data type="int" name="nTracks"/>
- <repeat count="nTracks">
<data type="pntr" name="Track">tracks that have been combined to this track</dz

o]
(i et

A T3on_Pace: 843" 2551115

<irepeat>

|

- =if t‘ﬂl\(]jﬁnll=“gﬂa%&(l<<312? 1=0"> &
[2]

Implementation of ReconstructedParticle. Iore..
#include <ReconstructedParticleImpl.h:

Tnheritance diagram for IMPL:Reconstructe dParticleTmpl:

| EVENT:LCObject ‘

| EVENT:ReconstructedParicle

t

‘ IMPL:ReconstructedParticlelmpl |

IMPL:AccessChecked

f

‘ 10IMPL:ReconstructedParticlelOlmpl |

List of all members

Public Member Functions

ReconstinctedParticleImpl ()
Defiudt constructor, inifializes values fo 0

virtual ~ReconstuctedParticleIrapl ()

2l i

DESY LC-Simulation Wor
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= ol F ;
Lcloarl | Bl hg the library
Version v01-03 E| LCIO . :
I 2 o =B @ i - ]
All Classes Version v01-03 @ [ e | oo http.,l',l'lcl_o.desy.de.l’vﬂl 03{docf |:.E IC A few variables have to be set depending on your development environment, e.g.
hpeac\l((:?ogc?asta ST perents Rarok B colbden findnsnfss 7 simulation/geant4 |7 LCIO ) Linux DESY IT Group || LED EnglishfGerman .., E + Linux (and bash):
hepleioevent  [vl| go.
[ T (2] ) D export LCIO=/lcio/v01-03 <-— modify as appropriate
Allci export PATH=$LCIO/tools:$LCIO/bin:§PATH
asses *
. r
AnalysisJob Packages Dﬁcumentﬂtlon fﬂl LCIO ‘{ 01 _03 export JDK_HOME=/usr/lih/jZsdk <-— modify as appropriate
AnalysisJob
CalorimeterHit =
e The package hep Ioio data has been « Windows/Cygwin - DOS shell:
hep lcio data removed - interfaces are now all defined in
DataNolAvailableE| hep leio event set PATH=c:/cygwin/bin:*PATH: <-- modify as appropriate
EventException . : ‘
ICalorimeterHit hep.lcio.event Primary user interface for LOIO * Tsers manual { also avalable as pdf and ps) Read before you get st I T B o difesmasspropsdidie
}Egét;:ectwoﬂ hep.lcio.example Simple usage examples * Java APT documentation set JDK_HOME=c:/j2sdkl.d4.1 01 <-- wodify a&s appropriate
ILCEvent hep.lcio.exceptions Exceptions thrown by LCIO. o O+ APT documentation v e s oo schos
L CFactory heoleio il oot L ; : 3 cla ence - Mozilla Firefox (m|
ILCFloatvec —— = * (printable version of the T+ APT reference: lotorefinan ps) i S T i LEJUW
ILClntYec hep lcio implementationio | Default IO implementation. o ML data Format description‘ {5t Ble Edt View Go  Bockmarks Tooks  Heb i
:\[ggzlr:nrgiters hep.lcio impl io | SIO specific LCIO implerme; e @ = B @ (%] @ httDllﬂf\o‘desy.deﬂvﬂlrﬁfdochﬂe|ﬂ [=hg
ILCRunHeadar hep.lcio.io Interfaces for [O lbrary. [a]
ILCStVec > . Main Page Mamespace List Class Hierarchy Compound List File List Mamespace
b hieplcio test Last modified: Thu Sep 23 14:51:51 2004 Masisers! Compoiid Metblers: Belitd Pates
PaticleD o | [hepdcio we Thites for vse with LCIO. vl T = Lom
3 [ ) i | (] [ et wew o0 poomas ook pep 5 — R
o 4 .. )
[t (ol o ) @) % imomarm oo et IMPL::ReconstructedParticleImpl
= X & hhepiffciide 1-03fdocl = =2
Hie €3 Opars Vow snentaion Veda HeR - <frepeat> [#] j -,
EERRISCKIDDIGEEE: e —
7 . 2 Class Reference
= <l-- end of named parameters —->
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LCIO on the web

» LCIO homepage:
» downloads and documentation

e LCIO forum at:

» user/developer questions and comments
» discussions on new developments

o LCIO bug reports at:
» bug report and new feature requests
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LCIO Users

Geant4 Full simulations:
« LCDG4, LCS, Mokka*, Jupiter (planned)
Reconstruction:
» org.lcsim, Brahms*, Marlin*
Fast simulation
» Lelaps, Simdet*
Testbeam
» Calice: Ecal, Hcal PPTs
» TPC prototypes

Analysis Tools
» JAS3*: file browser, code wizard
» WIRED*: generic event display (picking of LCIO objects)

-> about to become de facto standard for ILC-software
(*programs available on Workshop DVD)

DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT-

19



JAS3 — LCIO plugin

JAS3 provides native interfaces to LCIO:
browser, code wizard, event display WIRED

=] T _ T LCIO Event * |
B pysimiob sl | (pyp9999 Event: 1
s =7 Event JCollection: MCParticle type:MCParticle size:d73 flags:0
| Dymcparice |[|— N [ Twe [ Staws [ Parent | & [ v [ Pz | Mass |
Ao 2212 Document. . | 0 o Foogo  |oszE2z7  |a
11 2212 Document._ | 0 0 -F000.0  |0.83827  [&
2 21 Document... |0 0.25815 |-0.27900 |6.5793 |0
B -3 Documment... |1 |-0.45454 036117 |-18027 |0
‘|4 4 Document._ |2 |-0.40064 |-1.0530 22164 [0
A5 -3 Docurment... |3 |L.9g46  |-717.51 [0
e |2z Document... 4,5 069178 |-4.4768 [0
17 24 Document... 4,5 021979 |-710.81  |BO.667
A8 |2z Final State |6 lo.gal7e  |-4.4768 [0
ik |24 Intermediate|7 0.21979  |-710.81  [80.667
Ao 224 Intermediate1 [0.20640  [-1483.5
11 |-4 Intermediate|2 1.0287  [0.84333  |2.4188
1z |z Intermediate|0 0080131 [0.087964 [0.31987
412 |-3 Intermediate|3 | |16.413 -260.20 |
14 l21 Intermediate9 |16.270  |-246.29
' ' Intermediate|d 0.18941 |-0.12814 |-6.3494 |0
http://jas.freehep.org/jas3/index.html IEHhEdiate s -0.47022 -0.21941 |-2.9564 [0
Intermediate|3 041252 036534 |-23612 [0
TLE 2 Intermediate|9 [-0.11239 |-0.075923 [0.055171 |0
413 21 Intermediate|3 13372 |-4.4404 |-32.038 [0
{20 14 Intermediate|3 6.2717  |-27.965 |-160.67 |1.3500
421 I2 Intermediate [-3.5848 I—E._3_2_5_6 [730.00 IO -
2z -2 Intermediate 3.5848 3.3256  -35.384 g
;;— 423 [1 Inerrediate [-2.7119  [2.7973  |2.4933 fge tutor al
Analyzed 1 records in 70ms | Mr more...
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LCIO for transient data

o The LCEvent can be used as container for
transient data in an application, e.g.
reconstruction

o Application will call list of modules that read
existing collections from the LCEvent and add
resulting new Collections

o LCIO has (Event/Run)-Listener classes that
can serve as base classes for modules

» easy to define an application framework
based on LCIO for reconstruction and
analysis:

org.lcsim (Java) , Marlin (C++)
DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT-
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Marlin - Introduction

ModularAnaIySis & Reconstruction for the L I Near Collider

» Mmodular software framework for the analysis and
reconstruction of LCIO data

o Uses LCIO as transient data model

o provides simple user steering:
user defined variables for each Processor
iInput/output files

o provide main program !
o Software modules called Processors

( for similarity with org.lcsim — U.S Java based reconstruction)

DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT-

22



Processors and the LCIOEvent

&Mylnputo.slciol

/ marlin::main \\

¥ ProcessorQ
LCEvent// g |
v Processorl
e D ey
“m — ; |
collectignd—pr— Processor2
\ \_
read and
add
coIIections\(
™ ProcessorN
[ MyInput.sicio | i
OutputProcessor

-

DESY LC-Simulation Workshop, 9.12.2004
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Scope for Marlin

N\

| Mokka

' L ]
or real data! [ Q> S

-
/
Java, C++, Fortran
Geant3, Geant4
\ Generato Simulation
\
\_

Java, C++, Fortran

Recon-
struction

DESY LC-Simulation Workshop, 9.12.2004
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Java, C++, Fortran

Analysis
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LCIOProcessor

o LCIOProcessor: base class for all Processors

» provides hooks (callbacks) for user actions:
o Init()
» called once at program start
» Uuse to initialize histograms, counters, etc.
o processRunHeader(LCRunHeader* run)
» called for bookkeeping — new run conditions ?
o processEvent( LCEvent* evt)
» the working horse — this where the analysis takes place
o Ccheck( LCEvent* evt)

» optional method, e.g. for checkplots, consistency checks...

. end()

» called once at end of job
o Write out histos, ...

DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT-

25



Provided Processors

» AIDAProcessor: Histogram module
based on AIDA (Abstract Interface for Data Analysis)

« AIDA implementations, e.g. JAIDA/ AIDAJNI, OpenScientist,...

easy to create histograms, clouds and n-tuples
one folder per processor

compressed xml-data files (any AIDA tool)
» can use JAS3 to view histograms

root files (need OpenScientist)
» does not depend on root but can use root to view histograms

NB: users not required to use AIDAProcessor

o OutputProcessor

simply writes out the current event (no user code

needed)
DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT-
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How to write your own Processor(s)

o Inherit from LCIOProcessor
Implement callbacks, e.g. init(), processEvent()

o register processor parameters
with name, description and default value
o edit steering file (see next slide)
use ‘MyMarlin —| * for help
o restis done by the framework !
o example template exists in Marlin cvs

SMARLIN/examples/mymarlin
-> see tutorial this afternoon
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Marlin steering files

» global parameters, e.qg.
LCIOInputFiles — the files to read in
ActiveProcessors — define which processors to run
SupressCheck — don’t call check()
MaxRecordNumber

o processor specific parameters:
ProcessorType
parameters registered with the processor
» named int, float and string variables or vectors
» €.g.: InputCollectionName, CutValue, AlgorithmType
-> A Marlin application is fully configured through the
steering file (no code change needed) !
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Marlin TO DO List

» error handling
log files
error/warning messages

» Nhaming convention for common parameters, e.g.
InputCollectionName, OutputCollectionName

» convention for passing user data between Processors, e.g.:
as LCCollections of LCObjects
as global objects (singletons)

» Some logic to control execution and I/O of events

e.g. a Processor might want to decide that the event is not worth
processing then the rest of the Processors should not be called ...

« more detailed documentation (so far APIdoc & Readme)

» additional functionality
user feedback needed !

DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT- 29



Where to find Marlin

& MARLIM - - Mozilla Firefox

mE}]
°

File Edit Miew Go Bookmarks Tools  Help

[Modular Anlysis and Reconstruction for the LINear collider]

QE - - @ @ “ http:,l’,l’wwwfzeuthen.desy.de,l’Ic_repository,l’detector_simulation,l’dev,l’MARliﬁ\fj Gl,
| simulationfgeants 7 LCIO ) Linux '3 DESY IT Group || LEO EnglishjGerman .., Google 15 MyHome | | wlan >
e s
r .
Marlin

o download via cvs-web

CVSWERB access to the marlin repository

« tar-balls of releases

Ifarlin iz under development and subject to frequent changes.

Tarballs or Zipfiles of somewhat stable tagged versions can be dewnloaded here:
({ check file /docfrelease notes and /BEADNE for information about the release)

* w0006
* wii0-05
* y00-04
+ w00-03

e CVS checkout
» anonymous checkout

An example processor that produces some plots for arbitrary loio files can be dewnloaded as well:
{ requires an an ATDA implementation. e.g JATDASATDVATHD

* w00-02

o from new DESY ILC-
CVS

Frank. Gaede @ideay.de

http://www.desy.de/~gaede/marlin

http://www-zeuthen.desy.de/linear_collider

(coo talle nf H \/oQt)
via

or

DESY LC-Simulation Workshop, 9.12.2004
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EXxisting Processors
e

» HCalPPT Ganging (R.Poeschl)
o HCalPPT Digitization (G.Lima)

o LCLeptonFinder (J.Samson, on WS-DVD)
» demoanalysis

o HCalAna (P. Melchior/F.Gaede)
o Checkplots (via Marlin cvs, on WS-DVD)

-> can provide example code
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Summary

LCIO is a persistency framework and data model for the ILC
« Provides Java, C++ and f77 API
« simulation and reconstruction data model
« user extensions
Future plans:
« react to user requests
« provide convenient methods
« handling of relationships
« handling of meta data
« bug fix patches
Marlin is a simple framework for analyzing LC data
« based on LCIO (transient and persistent)
« provides simple base class for user Processors
« convenient steering for run control and user parameters
+ no need to deal with I/O or write main program
publicly available via cvs-web

AIDAProcessor for easy creation of Histograms

DESY LC-Simulation Workshop, 9.12.2004 Frank Gaede, DESY -IT-
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