Status Of the Event Display

Dmitri Litvintsev

| TEP, M oscow

December 2, 1998

CDF offline meeting



o | ntroduction

. Threekinds of objects:

Real Objects, Graphical Objectsand Views

- Real objects in the program are mapped to their
graphical representations— Graphical Objects.

- Views are different ways of visualization of sets of vi-
sual objetcs.

. Operations:

- Operations on Graphical Objects — change the visual
properties of the graphics objects, thereal objectsare
not changed. Operations can be performed on Graph-
ical Objectsor Views.

- Operationson real objectscan changethestateof these
obj ects.
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o | ntroduction
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o | ntroduction

Functionality

(. Access the data structures containing the data associ ated\
with the event and geometrical specification of the detec-
tor. (raw data, reconstructed data, physics data, ssimu-
lated data etc.)

. The manipulation of the above data objects (mapping)
suitable for trandation into graphics primitives and sub-

\ sequent presentation as displayed object. )
Global Interactivity L ocal I nteractivity

.~

« The presentation and manipulation of the graphics data?
in the display.

-

« Provision of comprehensive user interface to control the
various options and the implementations of the above
\__functions Y,
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0 Openlnventor

Ol Status

Ol isa Object Oriented toolkit for building 3-D applications.
Ol isalibrary of objectsand methods used to create interac-
tive 3-D graphics applications.

« History 1994 (?)

. Users

- Vertual reality ssmulations
- Computer Animations
~ Supported by GEANT4 project

- several experiments evaluating Openinventor as a
tool for visualization system building ATLAS, CDF,

CLEOIII, DO
- Hepvis group (G.Alverson, A.Boehnlein, J.
Boudreau,X. Fan, |. Gaponenko, J.Kallenbach,
L.Taylor)

. Availability

- Proprietrary product of Silicon GraphicsInc.
~ Supported platforms SGI, Win NT, Linux promised
- Ol + OpenGL Unix (KAI)

delevoper license: $6,950 + 16 % (M U)

runtime license: $950 + $152 (M U)
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0 Openlnventor

Ol Status

- Ol only Unix (KAL)
delevoper license: $3,950 + $632 (MU)
runtime license: $750 + $120 (MU)

- native SGI Compiler
delevoper license: $2,000
runtime license: free

- PC running Linux (KAI)
delevoper license: $1,495 + 16% (MU)
runtime license: $400 (MU)

- "sde-wide” licenseis still a question

Pricing information could be obsolete !
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0 Openlnventor

Ol Highlights

. Library of objectsthe user can use and modify according
to hisneeds

. Database primitivesincluding shape, property, group and
engine objects

. Interactive manipulators— handlebos and trackball
. material editor, directional light editor, examiner viewer
« Outputs VRML file, browseable over web

« Only 3-D representation of objects, OpenGL used as a
low level graphics engine. 2-D image — projection of 3-D
scene.

. raster PostScript output
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0 ROOT

ROQOT Status
ROOT isaset of over 300 C++ classesand an interactive C++
interpreter. It provides a OO framework for data analysis
from event generation to graphical presentation.

. History

- Project started January 1995, original author Rene
Brun (author and coauthor of extensively used PAW
and GEANT packages)

- version 0.5 (demosnstration prototype) in 11.95
- Latest version V2.00/13

. Users

- Started at NA49 (CERN)
- Adopted by Alice,Phobos...

- Sever al experimentsevaluating ROOT asabaseframe-
work Minos,Star,Phenix,Brahms,Her aB

. Availability

~ Shareware, i.e. priceless. ..
- Automated from Web side: http://root.cern.ch

- Support for all Unix platforms (native compilers+ gcc
on most) SGI, Linux, OSF, Solaris,Win 95/NT ...

- Documentation available
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0 ROOT

ROOT Highlights
(relevant to ED)

« C++ CINT interpretator
. Automatic GUI and I/O code generation
» Graphics:

- 2-D graphics (low-level and high level classes). All
low level graphics primitives (lines, circles, boxes etc.)
High level functionsto draw non-equidistant points.

- support for vector and raster Postcript

_ Canvascan besaved into several formatsPS, EPS, Gl F,
into ROQOT file for processing in a new session or into
C++ macro file.

- 3-D graphics (X3D and OpenGL ). X3D runson Unix.
Very fast capableof drawing complex 3-D picturesover
the network.

X3D supports:

« wireframe
« hidden line and hidden surface algorithms

OpenGL runs on Unix and Windows 95/NT systems.
| mplementation based on public product MesaGL

— Editor allowsto add text and primitivesto Canvas.
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0 ROOT

ROQOT Highlights (Cond)
(relevant to ED)

- 1-D 2-D 3-D histogramming. Profile histograms and
projections. User defined objectscan beadded toalist
In a given histogram.

. Set of container classes. TClonesArray providessuport of
arrays of objects typically created in the reconstruction
and simulation

« Minimization based on Minuit

. Client/Server, Shared memory and Threads suport. Cru-
cial for on-line use.

. Interfaceto OS
. General Utilities (linalg, transforms, Random number s)
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0 Requirementsto ED

Functional Requirements

Views
. Viewsto be available
_ X—y

_r-¢

-r-z

- Fish-eye

- Histogramming
- Wireframe 3D
- Solid 3D

- 2D dliceof 3D

— Hierarchy

. Textual information
» Several views simultaneously
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0 Requirementsto ED

Functional Requirements

Objects

. Following objects should be viewable (not necessarily all
listed views available for a given object)

« Detector components

. Active detector parts

. Passive detector parts
. Event data

- Hits

- Tracks

- Muon stubs

- Calorimeter Clusters
~ Jets

~ particles

- MC truth

« Errors (uncertainties) visualization
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0 Requirementsto ED

Functional Requirements

Visual Operations
. Operations:

- Rotation
- Zooming
- Zooming in one direction
- Scaling
- Scaling in one direction
. change of viewpoints
. hiding/unhiding selected objects
« Sub-view creation
. Operationson created groups of object

. Visual properties of objects definition (colors, line pat-
terns, ...)
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0 Requirementsto ED

Functional Requirements

Accessto Data

. AccesstotheRaw data, ssmulated data and reconstr ucted
data

« Browsing and searching events

Operations on Data

 Get/set object values
. Call selected real object member functions
« Start/stop/run/rerun job from the ED

« Redoingreconstruction of selected events (partsof events)
after browsing

« Selection according to data source, physics channel, sub-
detector, ... should be available

. Interface to the histogramming package
« Impose cutsfrom the ED and usethem to select events
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0 Requirementsto ED

Functional Requirements

Setup
. It should be possible to read/save/change setup
. Standard (default) setup should be available
. It should be possible to read/save selected views
« Output in the following formats:

- Vectorized PostScript (PSEPS)
- JPEG/GIF/TIFF/BMP ...
- VRML
. It should be possibleto print (selected regions of) views

. Slow operations should beiterative. (Themost important
parts of the view should be displayed fir st)

« Slow operations should be interruptable
. On-line and off-line help should be available

. Comand lineinterfaceshould beavailable. Should bepos-
sibleto enter ED commands from the command prompt

. It should be possible to create macro-scripts

. It should bepossibleto record and replay any sequence of
oper ations
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0 Requirementsto ED

Operational Requirements

. ED should be a module

« ED should beabletointeract with running reconstruction
program. (It should be possible to control running pro-
gram and behavelikeasimple GUI and running program
should be ableto update ED automatically)

. It should be possibleto reporocess an event after interact-
ingwith it viaED

« Graphics Editor should be available allowing for ssmpli-
fication of data presentation

System Requirements

« ED should be ableto run remotely over the network.

« ED should run on all used platforms and OS (currently
SGlI, Linux, OSF)

« ED should run with reasonable speed on any supported
platform w/o special graphics hardware

« ED should be able to use special graphics hardware if
exists on used machine.

. It should be possibleto use ED in on-line environment
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0 ROOT

ROOT 3-D basic primitives
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0 ROOT

2-D Graphics Classes

TAttLine
TAttMarker

AttFill
TAttText]

-TNamed = =
—‘ TFormuIaI TF1} TF2} TF3

TPostScript

GX
Text

su

=

—{ TControIBarBuftfn{ TControIBarI

ool {TvirtualPad}——{rPad]———{Tcanvas]

TPaveText I—{TPavesTextl
TPaveLabel

—‘Tobjectl Box}

TLine

PolyLine
TMarker
TPolyLine3D
TPolyMarker3D

Grap
TPolyMarker

Vie

= =
=2
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0 ROOT

3-D Graphics Classes

TAttLine
TAttMarker

TAttFill
TAttText

TPGON
TTUBS
CONE

TRotMatrix
TGeometry

TPolyLine3D
TPolyMarker3D
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0 ED Prototyping

Existing Prototypes

. Openlnventor based ED prototype for SVX by Joe
Boudreau (standalone)

« OpenGL based ED prototype for COT by G.Gerard and
Pasha Murat (Moduleintegrated into Framework, acces-
sibleviatalk to)

« ROOT based ED prototype for SVXII/ISL by Uni. of
Karlsruhe: (Michael Feindt, Kurt Rinnert and Patrick
Schemitz) (Moduleintegrated into Framework, accessible
viatalk to)

« ROOT based ED prototype for COT by Pasha Mu-
rat(Module integrated into Framework, accessible via
talk to)
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0 ED Prototyping

) UNIVERSITY OF KARLSRUHE

Event Display for | SL/SVXI |

« AC++ module, configurable viatalk-to
. 3D modéd of ISL and SV XI|I
« Based on the ROOT framewor

. Zoomable 2D and 3D viewsusing ROOT
graphics engine, and OpenGL

« Runson IRIX and RH Linux
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0 ED Prototyping

ROOT Based ED for |SL/SVXI|
) UNIVERSITY OF KARLSRUHE

OpenGL View of SVX Detector
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o ED Prototyping

ROOT Based ED for ISL/SVXII

3-D Wireframe View of SV X Detector
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0 ED Prototyping

ROOT Based ED for |SL/SVXI|
) UNIVERSITY OF KARLSRUHE

zooming on 3-D views

Eile Help
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0 ED Prototyping

ROOT Based ED for |SL/SVXI|
) UNIVERSITY OF KARLSRUHE

zooming on 3-D views

MC—true event #3

J‘} -!“ o ; . .1'.! )
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0 ED Prototyping

ROOT Based ED for 1SL/SVXI|
) UNIVERSITY OF KARLSRUHE
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Zoomout
kowveRight
koveleft
kovelp
kAoweliown
SetZoomStep
Settovestep
Reszat'iew
SethextEvent

v SetEditable

Divide
UseCurrentstyle
Range

Savess
SetBordertdodde
SetBordersize
Setarids
SetGridy
Setlogs
SetLogy
Seflogz
Sethame
SetTicks
SetTicky

=ad

Delete
DrawClass
DrawClane
Dump
Inzpect

SetLineAttributes

SetFillatributes
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ED Prototyping

ROOT Based ED for 1SL/SVXI|
) UNIVERSITY OF KARLSRUHE

.

Context
Menu
of agiven
Class

KTrack3D::True Track #1

J

MC—true ewvent

Eile Edit Wiew Options

Inspect Classes

DrawClass 4
DrawClone
D
Inspect
aetDrawCptioi\ o

Track
Attributes
M enu

=etlineattributes

PRYSICS
Pt = 1.04689115 GeV
Pz = 2135842094V

Charge = +1

Helix Paraineiors
Cotfitheta) = 2.0401 7530

Curvature = 0.0020E114

20 = 17.093Z cm
dl = 0.0232 cm

phid = -3.58353774

Close
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0 ED Prototyping

ROOT Based ED for COT

2-D View of COT Detector
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0 ED Prototyping

ROQOT Based ED for COT (P.Murat)

Manipulations of 2-D View of COT
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ED Prototyping

ROQOT Based ED for COT (P.Murat)

Session Display

=| COT dispiay

FEile Edit ¥iew Options |hspect Classes
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napshot Y
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ED Prototyping

Ol Based ED for SV X

J.Boedrau
Session Display

=| Hepvis Event Viewer

Fie Liiowe Silicotr Aftaoiz Cat

AocTiack MeTiack nerd

Rotx Roty | [T | Dolly

4

This is the ftrack display, by Joe Boudreau %I
]| [»

d

‘

>

Run

1 Event
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0 ED Prototyping

Ol Based ED for SV X
| J.Boedrau

=| Hepvis Event Viewer ‘a

(]|

Fie Liew Sificon Meor Cot RecTrack Meirack frerd

(SB[ V2>

Rotx Roty | T | Dolty
¥
P-51 Hit layer= 4 nstrips= 1 glotal= 7 il
Z-51 Hit layer= 5 nstrips= 1 gTotal= 8
P-51 Hit layer= 5 nstrips= 1 gTotal= 8
P-51 Hit layer= 3 nstrips= 1 glotal= 7
P-51 Hit Tlayer= 1 nstrips= 2 glotal= 11
F-51 Hit layer= B nstrips= 2 gTotal= 18
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¥
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‘ ’ Run 1 Event 1
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0 ED Prototyping

Ol Based ED for SV X
J.Boedrau
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0 ED Prototyping

Ol Based ED for SV X
J.Boedrau
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0 ED Prototyping

Ol Based ED for SV X
J.Boedrau

View
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