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Application of data visualisation techniques in particle physics

Steve Watts

Particle Physics Group and BITlab
School of Engineering and Design
Brunel University, West London, UK

There is more to data visualisation than histograms, scatterplots
and x/y plots.

Talk at - Computing in High Energy and Nuclear Physics, 13-17 February 2006, Mumbai, India

Steve Watts, CHEPO06, Brunel University



Conclusion

These are powerful techniques and we should implement
them 1n our data analysis toolkit.

Many other 1deas that I have not discussed. It 1s also easier to
understand dynamically — just ask and I will show you.

CrystalVision is the best software for parallel coords. but it does not export results of
the analysis. Has blending and alpha channel. Can also use stereo with CrystalVision.

GGobi is good — new version to be released soon.

Data Analysis — Exploratory Visual Data Analysis followed by
machine learning/GEP techniques
( Liliana Teodorescu) to select/cut data in a human independent way.

Can we find signals using data mining without a prior knowledge of what we think is

there ? Steve Watts, CHEPO6, Brunel University
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Software Site Comment

CrystalVision Windows. ExplorN Unix
a-channel. GT, PC

Needs development.

GGobi No a-channel.GT, PC
All Platforms. Access to R.

Mondrian Java. a-channel.
Visulab Excel plugin. PC only
Orange Component based data mining. C++
and python scripting. PC.
Datadesk Commercial.
Linked plots. Stats.
Statistica Commercial. Very powerful.
Not evaluated yet. Graphics + Stats.
VisualExplorer Commercial. PC for process control

Excel Plugln.

Steve Watts, CHEPO06, Brunel University
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High Energy Physics Event Selection
with

Gene Expression Programming
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e Conclusions )

GEP allows

fast identification of powerful cuts

signal/background separation of 92-95% accuracy
for samples with S/N = 0.25, 1, §

potential of discovering new correlations between

variables
large number of selection functions does not improve

the classification accuracy

GEP
is still in the R&D phase
needs software development -> underway

o Gene Expression Programming |

Reproduction

Genetic operators applied on chromosoms not on ET =>
always produce sintactically correct structures!

Recombination — exchanges parts of two chromosomes

Mutation — changes the value of a node

Transposition — moves a part of the chromosome to another location
in the same chromosome

Liliana Te

e.g. Mutation: Q replaced with *
*b+a-aQab+//+b+babbabbbababbaaa *b+a-aQab+//+b+babbabbbababbaaa

Liliana Teodorescu, Brunel University



Interactive Web-based Analysis
Clients using AJAX: examples for
CMS, ROOT and GEANT4

Giulio Eulisse
George Alverson
Shahzad Muzaffar
Ianna Osborne
Lucas Taylor

Lassi Tuura

Cih
= hitp:/figuana.web.cerm.ch CHEPOE - Mumbai - INDIA, February 2006




The AJAX advantage

On update only deltas are sent

Asynchronous

Javascript

User's User's
request / page request / page
update update

data sent

And
XML

CHEPOS - Mumbai - INDIA - February, 2006

Giulio Eulisse, Northeas

. ]
fime eneric DQM GUI
e | [ Traditional O AJAX |
’ﬁ/ http:ifiguana web.cern.ch CHEPOB - Mumbai - INDIA - February, 2008 Giulio Eulisse, Northeastern University 28

The two implementations
share most of the codell!
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CMS
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applications.

CHEPOB6 - Mumbai - INDIA - February, 2006

Giulio Eulisse, Northeastern University
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- | Proposal for a new scenario 2

Introducing

BOOT

A Software Bootstrap system

René Brun, CERN
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The ROOT Project
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owe BuKP in the multi-core CPU era
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ROOT I/O for SQL databases

Sergey Linev, GSI, Germany

SQL support in ROOT

Abstract interface via three classes:
TSQLServer — query execution
TSQLResult - result of single SELECT query
TSQLRow - content of single row
Implemented for MySQL, Oracle,
PostgreSQL
TTreeSQL class provides TTree interface to

database tables. Allow tree drawing and
table modifications

ROOT 3D Graphics

René Brun, Olivier Couet, Richard Maunder,
Timur Pocheptsov *

ROOT §

« High quality (vector) pdf and eps

13.02.2006 S.Linev ROOT I/0 for SQL databases

,;, GL Features : Rendering '

« 3draw styles [ CERN, Geneva, Switzerland

“JINR, Dubna, Russia

- Support composite (CSG) shapes oo | A GL Features : Cameras I

’ \ ‘ + 3 Perspective Cameras: Keep ‘floor’ (plane of two global axes e.g. X/Y) level.
» ‘

| ROOT §
A ‘ 2
— - -

\K” ( GL Features : Manipulators g
v

« All shapes (normal / clip ) can be manipulated around local axes.
Translate Scale Rotate
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Athenaeum / JAS (Java)

Athenaeum

Using J ava Analysis Studio

as an interface to the

Atlas Offline Framework

XML-RPC

» Athenaeum allows to
access (remote) Athena

from (local) JAS.

» Any Python script can be
send directly from JAS to

Athena.

» Results (usually in XML)
are send back and can be
processed within JAS.

» Special Python scripts are
provided to automatically
present standard Athena

data within JAS.

| |Athena/ Gaudi (C++/ Python)

= -

J.Hrivnac, LAL/Orsay
CHEP'06/Mumbai, Feb'06



Optimized Access to Distributed Relational Database System

J.Hrivnac, LAL/QOrsay f 3 H
CHEP'O8/Mumbai, Feb'06 (using widely available JDBC components)

/_—1 JAS Plugins

~CaolMan Event Selector is available +Balh SOLTugle and CalMan are
vis XML-RPC serics. Tha sarvies is SQL Tuple / ColMan available as JAS plugins.
= Al functianalily is available via

Web Service

neraly degloyed as - .
T R e ﬁ_SDILTuple ;:ulrdsdr_re=u:s;é:_m§.7n;=mmn of Tuple AIDA interface 5o that stardard JAS G
application and can be accessed via UFa Cah Da sToMc In s lsbase. ) » Spesifi unclionality {like SOL

" 1t supparts any relatianal DB backend via JOBC standard interface, F
Coldan Web Service Clent, AT Ll e Rl a0 iuaries}is added o the JAS GUL
»JSP {Java Server Pages) GUI for e wz:”"""‘ (projections, fiers. evabsior:, . | ate suppartad in 8 # Interaparability wilh ceher JAS
- Jugi d.
e L - Some new funclions havs been induted on {op of standard AIDA Interface. Flugins s sss

e A= #SOLTuple can be used in any AIDA-complient tool.

e S ) »S0LTuple understands LOG Pacl AttributeList data. .
- ¥ CalMan provides higher lewal utiliies for managing (Event) Colectians. iy sy —y R

V By 0

= Wt

MultiLanguage interfaces

#Salecied SOLTupleColMan
functionality is available b legacy G+
applicaicns via presies crealed by JACE.
= All SCLTuple/CalMan funcianality is
avadable i Pythan spplications using
dythan or Jpype (when access o C++ is
neaded o).

= Access from olher languages (Ruby.
Groovy,...] is direcily pessible.

/ .
continent———— — o o

* S0L tables can be spread over ssveral database Servers, Enhydra
some lables may be replicated. Liser wants a single front-
end.

» Sequaia acls as a (Proxy) Vinual S0L Server forwarding all
requests o appropriale databases (real or ancther viral ).
Replicated andior complemantary tables are suppored
{ewen on helerogeneous Servers), simiar go RAID disks.

» Sequaia is used via #s JOBC driver, 56 any appication using
JIDBC API can direclly use Sequaia. No apglication
medification is requirsd lo use Sequais.

¥ Sequaia drectly handles any 30U guery. Mo pre-knowladge
i neaded. Mo specialized interface is raquired.

» Sequais handles both guary (read sccess) and update (write
access).

* IDBC interface can be irsnsparenily accessed frem sther
languages (Python, Ruby, Gragvy, T++,...).

* Dctopus is a Java-based Extraction, Transformation, and Loading
tool. It may connect t any JOBC data sources and perform
Iransfermations defined in an XML file.

& Octopus has been customized b suppart non-standard SOL
fratures used i LOG and b aversome LCG-specilic bugs.

= Octopus is routinely used 1o replicate Atias Detector Description
database. |t has been successfully tested with other Atlas
databases.

. m [
High Availability )
“Beslab ORACLE




Using XML for Detector Geometry Description in the
Virtual Monte Carlo Framework

Geometry Modeling and Description

Accompanying product for the AGDD schema: an advanced graphics viewer
known as GraXML (credit: J.Hrivnac). Allows full visualization of AGDD-compliant
geometry source files in XML format.

Color
Adjustment
[ sliders

Image manipulation

Main Viewer
Pane

Volume selection
and navigation pane

.....

V.Fine, J.Lauret, M.Potek

STAR Collaboration, Brookhaven National |

Interactive command
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A Flexible Distributed Event-level
Metadata System for ATLAS

David Malon*, Jack Cranshaw, Kristo Karr (Argonne),
Julius Hrivnac, Arthur Schaffer (LAL Orsay)
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