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LCIO SW-Architecture
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Implementation - Design

==interface=>
EWENT:: LCEvent

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

abstract event

abstract 10

<<interfaces:=
10 LCWYriter

+~LCWVriter])

+getDetectorMame() : const std:: string &
+getTimeStamp() @ long
+getCollectionMames() : const Stringvec™
+getCollectioni...) ; LCCollection™
+addCollection(...) : int
+removeCollection(.) © int

A

+open(...) : int
+writeRunHeader(...) : int
+writeBEvent(...) © int
+close() @ int

IMPL:: LCEventlmpl

# runMumber : int

#_eventMumber ; int

#_timeStamp : long long

# detectorMame : std::string

# map : mutable LCCollectionbdap
#_colMames ; mutable EVENT:: Stringvec
-_access : int

+LCEventimpl)
+~LCEventlmpl(
+getRunMurmber() : int
+getEventMumber() : int
+getDetectorMamel]) : const std:: string &
+getTimeStampl]) : lang

+getCollectionMames() : const EVENT:: Stringvec™
+getCollectioni...) : EVENT::LCCaollection™
+addCallection(...) : int

+removeiollection{...) : int

+setRunMumber(...) : void

+setEventMumber(. ) : void

+zetDetectorflame(...) : void

+setTimeStampi...) : void

#sethocesshModel. . ) : void

concrete classes

10IMPL:: LCEventIOlmpl

friend S10::SI0EventHandler

SI0:: SI0EventHandlar

-_evtP o I0IMPL: LCEventlOlmpl™
-_evt : const EVENT:: LCEvent™

#510EventHandler()
+SI0EventHandler(.. .}

+ufer...) : unsigned int
+yersion() : unsigned int
+zetEvent(...) : void

+SI0EventHandler ..}
é_,_/—/—/—/_/I()-P“SIOEvemHandlerO
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=<interface>>
10 LCReader

+~LCReader()

+open(...): int

+readMextRunHeader) : EVENT:: LCRunHeader™
+readMextEvent) : EVENT. . LCEvent™
+readMextEvent(...) : EVENT: LCEvent™
+close() @ int
+registerLCEventListener(...) : void
+removelLCEventListener.. ) : void
+registerL CRunListener(. ) : void
+removelCRunListener(...) : void
+readStreami) : int

SI0:SI0Writer

# evtRecord : S10_record™

# hdrRecord : SI0_record™

# runRecord : S0 _record®

# strearn : S10_stream™

-_evtHandler : SIOEventHandler™

-_hdrHandler : SIOEventHandler*

-_colVector : std:vector<SI0CollectionHandler™=
-isFirstEvent : bool

-evtP : EVEMT::LCEvent™

SI0:SI0Reader

+SI0Writer)
+S0WYriter()
+open(...): int
+writeRunHeader(...) : int
+wrriteEvent(...) : int
+closel) :int

# evtRecord : S10_recard”™

# hdrRecord : S0 _record®

#_runRecord : S0 _record®

# dummyRecord © SI0_record™

# stream : SI0_stream™

-_defaultBEwt : 1OIMPL:: LCEvent! Olmpl™

-_evtP o I0IMPL: LCEventlOlrmpl™

- runP : IMPL:LCRunHeaderlmpl™
-_runListeners : std::set=<|0;: LCRunListener™=
- evtListeners : std::set=<I0::LCEventListener>

/#setUpHandlers( 3 woid

persistency
Lyiplementation

+SI0Reader)

+Sl0Reader])

+open(.):int

+readhlextRunHeader) | EVENT:LCRunHeader”
+readMextEvent() : EVENT: LCEvent™
+readMextBEvent(. ) : EVENT: LCEvent™
+closel) @ int
+registerLCEventListener(...) : void
+remove CEventListener( ) : void
+registerLCRunListener...) : void
+removelLCRunListener(...) : void
+readStreami) : int

#zetUpHandlers() : void

#HreadRecord() : int
I I
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Data Model 1

RawCalorimeter
SimCalorimeterHit Hit

CalorimeterHit
Reconstructed
| Particle
MCParticle
A -
SimTrackerHit \ |
*® 1 TrackerHit i

Monte Carlo
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Data Model III

RawCalorimeterHit CalorimeterHit

* CellID e CelllD
* Amplitude <P * Energy

* Time (optional) : gg:ﬁif)ofi(?gpt )

Serve as
interface classes to
reconstruction

TPCHit Trackeriit

<UD * Position

* Time * Covariance
* Charge ..— g s dEdx
7" Add more specialized P
classes as needed
. -> userrequest | 4
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Data Model IV

Cluster

* Energy

* Position

¢ Direction

* Shape
Hits

* Clusters

Track

*(p,th,ph,d0,z0)
e dEdx

* Frrors

e Chi2

* Hits

* Tracks
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ReconstructedParticle

* Kinematics (4Vector)
e Charge, Mass,...

* Reference point

* errors

* Particlelds

* Clusters

* Tracks

* ReconstructedParticles

ReconstructedParticles
can be simple particles

and compound objects
 like jets, vertices,... .

ParticlelD

e TypelD (PDG)
* Probability

¢ Algorithm

* Parameters
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The Data Model: Comments
S ————————
important ingredients:

® objects (tracks, clusters, ...) are grouped into collections

® there can be several collections of the same type of objects in the
event:
tracks at IP
tracks at Calo face
VTX tracks

(if this is done, documentation is essential!)

® self-referencing of the objects allows the buildup of tree structures
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Changes since LCWS-2004 -I-

e added LCRelation class to store (weighted)
nxm relationships between LCObjects

-> can be used to point back to MC-truth.
-> can be used to link collections

e changed track parameters, now:
d0, phi, omega, z0, tanLambda

e added generic named parameters to
LCRunHeader, LCEvent and LCCollection

-> use to store meta information on data
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Changes since LCWS-2004 -II-

e added support for ‘generic’ user objects, that
hold floats, ints and doubles:

-> can be used to store arbitrary additional data

e added RawCa

-> int Amplituc

orimeterHit
e and int time

e added some convenient methods to the

classes

e modified some classes to make the API more

consistent

ECFA WS 2004, Durham, 03.09.
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Reconstruction and Analysis

® need to provide a simple, lightweight environment for
reconstruction and analysis
® simple to use
® |low thresholds
® in Europe: C++ support is essential (most people work on
LHC in C++ environments)
® no dependence on user backends (root, JAS, PAW, ... )

® Simple C++ based framework, in many ways similar to the
existing LCD framework

® Developed in close collaboration with people doing actual
test data analyses for TPC, Calo and physics studies

MARLIN main author Frank Gaede

other contributors are welcome
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Reconstruction and Analysis

ModularAnaIysis & Reconstruction for the L I Near Collider

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

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

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

e define an application framework based on LCIO for
reconstruction and analysis:
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Motivation for MARLIN
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Implementation of MARLIN

e use LCIO as transient data model
e use C++ only (so far)

e define base classes for modules that operate
on LCIO (event) data

e provide simple user steering:
user defined variables for each module
input/output files

e provide main program !
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Modules and the LCIOEvent

&Mylnputo.slciol

=

v Module0
LCEvent// g |
__ > Modulel
u‘“ ‘7‘L'-|//> [
coIIecthkﬁ@*‘\» Module2
\ _
read and
add
coIIections\(
SN ModuleN
MyInput.sicio f |
(MyInp ] Outputmodule
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LCIOModule

e LCIOModule: base class for all user modules

e provides hooks (callbacks) for user actions:
init()
e called once at program start
e use to initialize histograms, counters, etc.

processRunHeader(LCRunHeader* run)
e called for bookkeeping — new run conditions ?

processEvent( LCEvent* evt)
e the working horse — this where the analysis takes place

end()

e called once at end of job
e write out histos, ...
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Under development in Marlin

e error handling
log files
error/warning messages

e naming convention for common parameters, e.g.
InputCollectionName, OutputCollectionN.

e convention for passing user data between modules,

e.g.:
as LCCollections of LCObjects
as global objects (singletons)

e some logic to control execution and I/O of events,
e.g. a module might want to decide that the event is
not worth processing then the rest of the modules
should not be called ...

e |ots of additional functionality? need user feedback
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MARLIN developments

Under discussion:

try to make the user hooks as similar as possible
to the ones in the JAVA (LCD) framework to
facilitate exchange of ideas

A problem:

The true parallel use of JAVA and C++ code to
access the same LCIO even in memory is difficult

We are still far from a truly language independent frame
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Status of Marlin

e very first implementation released to beta
users at DESY (as LCIOFrame)

-> see talk from J.Samson

e cvs repository with web based public access
(will be provided by H.Vogt, Zeuthen)

e hope to have public beta release soon
-> stay tuned
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LCIO on the web

e LCIO homepage:
e downloads and documentation

e LCIO forum at:

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

e LCIO bug reports at:
* bug report and new feature requests
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LCIO Customers/Users

Mokka simulation (see talk)
Brahms reconstruction (see talk)
JAS3

provides convenient file browser
will have LCIO-WIRED plugin -> generic event display !

Calorimeter group ( DESY )
has MiniCal raw data converted to LCIO files
to be used also for Hcal physics prototype

TPC groups (DESY & Aachen & ...)
will use LCIO for prototype

Lelaps fast Monte Carlo
hep.lcd reconstruction
other groups looking into using LCIO

ECFA WS 2004, Durham, 03.09.2004 Frank Gaede, DESY -IT-
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JAS3 - LCIO

Note: JAS3 provides very nice native interfaces to LCIO:
browser, code wizard, event display

File Edit Yiew Tuple Run LCIO Window Help

c+Ba

ﬂ'pv.,s'i'rnj'uh-.’sll:i’u-"-|'41_. 2 [

DataSets

Run:9999 Event 1

LCIO Event *|

1 Event
[ McPanicle

http://jas.freehep.org/jas3/index.html

ECFA WS

GCollection: MCParticle type:MCParticle size:d73 flags:0

I Tyme Status Parent FX (e [T Mass
0 2212 Dacument. . 0 0 [7oo0.0 0.92827
1 2212 Docurment. .. 0 [} |-7000.0  |0.93827
2 |21 Ciocument.... |0 0.25815  [-0.27900 |65783 (o
E] |-3 Dacurnent... |1 -0.45454 [-0.36117 |-18B02.7 |0
4 |4 Document... |2 |-0.40964 |-10530 (22164 [0
5 -2 Daocurment. .. |3 -13.179 |1.9846 -717.51 [0
3 22 Document... 4,5 0.78672 069178 |-4.4768 |0
7 24 Dacument... 4,5 |-14.375  [0.21979 |-710.81 [B0.667
g |22 Final State |6 |0.78672  |0.69178 |-4.4768 |0
9 124 Intermediate|7 14375  [p21979 |-F1oE1  [B0.667
10 3224 Intermediate|1 016978  [0.20640 [-14835 [1.3846
11 -4 Intermediate 2 1.0287 0843233 2. 4188 12500
12 z Intermediate|0 0.080131 [0.087964 [0.21987 [5.6000E-3
13 -3 Intermediate|9 -11.920  [16.413 -260.20  [0.13900
14 21 Intermediate|9 |-9.7052  |16.270 -245.29 |0
15 21 Intermediate|9 |-0.18941 |-0.12814 |-6.3494 |0
16 Z1 Intermediate|a -0.47022 |-0.21941 |-2.9564 |0
17 21 Intermediate|9 0.41252 |0.36534 |-2.3612 |0
18 Z1 Intermediarte|9 |-0.11239 [-0.075933 [0.055171 [0
19 21 Intermediate|a 1.3372 |-4.4404  |-32.038 |0
20 |4 Intermediate|a 62717 |-27.865  |-160.67 (13500
21 B Intermediate |-2.5848 |-3.3256  |[F30.00 ]
22 53 Intermediate 355848 3.3256 -35.384 |0
23 1 Intermediate 27118 |2.7973 2 4939 0

iAnalyzed 1 records in 70ms

2004, Durham, 03.09.2004
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Summary

LCIO:

® available since some time, stable version 1.0, beta version 1.1
® new major release very soon

®http://Icio.desy.de and http://forum.linearcollider.org

MARLIN:
® first beta release available

® CVS in Zeuthen being set up (same place as other LC software)
® user feedback needed!

® http://www.desy.de/~gaede (real site to come soon)

User feedback is extremely important on all these projects!

Use the forum: http://forum.linearcollider.org
or sent e-mail to one of us

ECFA WS 2004, Durham, 03.09.2004 Frank Gaede, DESY -IT- 24



Appendix

e Extension slides, details, examples
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Requirements

e need Java, C++ and 77 (!) implementation

e extendable data model for current and future
simulation studies

e user code separated from concrete data
format

-> want to be flexible for future decisions on
persistency

e needed a.s.a.p.
-> keep it simple (lightweight)
e no dependence on other frameworks

ECFA WS 2004, Durham, 03.09.2004 Frank Gaede, DESY -IT- 26



LCIO persistency framework

LCIO

@ implementation
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Data Format (persistency): SIO

e SIO: Simple Input Output
e developed at SLAC for NLC simulation
e already used in hep.lcd framework

o features:
on the fly data compression ©
some OO capabilities, e.g. pointers ©
C++ and Java implementation available ©
no direct access ®
-> use fast skip ©®
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Data Model 11

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

ECFA WS 2004, Durham, 03.09.2004
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Data Model V

I.CCollection

LCEvent / LCObject
* Type /

* Event number

* Name
* Collections , Elements/
Reconstructed
Particle
MCParticle
LCRun . ) . 0 2 Cluster
SimCalorimeterHit alorimeterHit
* Run number : ———
* description SimTrackerHit T ﬂckeréit Track
TPCHit \
The LCEvent serves as a LC\HtVEC
container of named
collections of the various LCFloatVec

eneric integer an
float vectors for
user extensions

data types in LCIO
(LCObject subclasses)
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Javadoc example

File Edit View Fawvorites Tools Help

eBack = \i} @ @ :’_'h _;Il:j Search *Favorites &Media @ @v E;? - D

Address |@ http: ffvma-it, desy, defphysics/projects)simsaftficiofapi_java_v00-04fhepflciofiofLCReader . hkml

BE

GODS[E'I LI &Web—Suche @Site—Suche | @ ﬂSeiten—InFD = .ﬁ.ufwérts = P Hervorhieben

Links

Method Summary

irt | ploge ()

Closes the cutput file/stream ete.

Ang open (String filename)
Opens a file for reading (read-only).

LCEwent

readEvent (int runiNwuwioer, int evtMNumnber)
Eeads the specified event from file.

LCEvent | ppadWextEvent ()

Eeads the next event from the file.

LCEvent | ppadWextEvent [int accessMade)

Same as above allowing to set the access mode (LCIO:EEAD ONLY 15 default)

LiRunHeades | 3o 5 dHextRunHeader [}

Eeads the next run header from the file.

in% | yeadStream()

Eeads the mput stream and notifies registered lsteners according to the object type found in the stream.

woid

registerLCEventListener (LCEventListener 13)
Eegisters a listener for reading LCEwents from a stream.

waoid

registerLCBunLisgtener (LCRunlistener 1ls)

Eegisters a listener for reading LCEventsL CEunHeaders from a stream.

veidl yemovelLCEventListener (LCEventListener 1s)

Eemove a listener for reading LCOEwvents from a stream.

¥2id| yemovelLCRunListener (LCRunlistener ls)

Eemove a listener for reading LCEunHeaders from a stream.

=]

)
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Doxygen example
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Sl
. Eile Edit Yiew Go Bookmarks Tools Window Help
_ Q @ @ @ :[*Q;,\_ ﬂIe:M’afs!desy.defuserfg!gaede;‘lcim’deveIflci|:|—vIZIIII—III?betafducfduxygen_apia’htmlf@| &
. 4 Home | E3Bookmarks EJsimulation/gean... % Google ELinux . DESY IT Group % LEO English/G... % LCIO S JURIMEE TestRu..
hiain Page Mamespace List Class Hierarchy Compound List File List Compound MMembers =
DATA::L.CObject Class Reference
The generic object that 15 held in an LCCollectionData. More. =
#include <LcDbject.h:
Inhertance dagram for DATA:LCCbject:
| D&TA:LCObject ‘
DATA:CalorimeterHitData | | DATA:MCParicleData || DAT4:SimCalorimeterHitData H DATA:SimTrackerHitData ‘
EVENT:Calorimete rHit | | EVENT:MCParticle | | EVENT:SimCalo rimete rHit ‘ | EVEMT:SimTracke rHit ‘
IMPL:CalotimeterHitinpl | | IMPL::MCPatticlelmpl | | IMPL:SimCalorimete rHitimpl ‘ | IMPL:SImTrackerHitimp| ‘
| IDIMPL:CalorimeterHitiolmpl | | I0IMPL:MCParticlel0impl | |IOIMF‘L::SimCaIDrimEtErHitIOImpI‘ | IDIMPL:SImTracke rHHOImpl ‘
Lizt of all members.
| I = & E] o7 | | =g



