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Geant4 is Important to HEP

Big computation
 Large ensembles of sequential jobs

* Runs on a worldwide Grid of processors
« $10M per year of HEP H/W investment

Big data

« HEP has more simulated than collected data

 Geant4 generated most of HEP’s O(100) PBytes

 Any useful data curation must also curate the
experiment’s Geant4 program
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Challenges for Geant4’s Future

Geant4 is a sequential C++ toolkit
« MC runs are ensembles dispatched to the Grid
It can take months to simulate a billion particles

CPU capability has plateaued

 Dennard scaling has ended

This constrains progress in HEP
 Precludes more sophisticated physics packages
 Precludes real-time adaptation of data analysis
« Hampers analysis of individual events in

isolation
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Dwaw Dy Lucas and Roser

Thask you for agreeing te Grganine ang 0o-chair 3 workshop on sswes related 10, “Transforming
Ouanrts for the Futre ”

The Department of Energy’s [DO€) Obcr of High Exergy Phyaics (MEP) ard Office of Advanced
Scentific Computing Besearch [ASCR] are co-sponioning ths workihop to ey opportunitcs
and needs Tor leveragieg the powerful physics capatibties of Geantd 1o o rebust,
ware e This workshop will entity appled mathematics,
puter schence and 3\ ol chateages in tr € Gearad
1o new computer architectures, This workshop Wil ecamine cpporten ties tor dscovery

nabied by and tools liely to amerge from current ASCR

to meet these L The will asplore madeh of collaboratbee
effars that inchide apslod a0
well 35 Geantd users 1o opUmize sraductivity and the x-wl-( m-«-s thiowgh modcsing
nd The 09 N The op, ¥ 10 indh, futere HEP and ASCR

Isvertment deceiom.

The goak of 1his workshop ere to:

* dentfy ang review The Durent S1atus, Scoesses and buitations of the Geants software
toolet ncudieg the international scene;

o Determine the chabonge that be shasd it trassdorming Gearsd amo » witware that
tuss eMactively in new archRecture;

T —

o Comuder the opparturities neleted 10 exhiting algonthms, cpTinQation 1oo's and plryscs
modeh;

*  Ascertan research areas in appling 5. COMPALar sciorce, Sy

and simvdath feeded 10 ovenge the powertd phrypsics

cagabiities of Geantd inte 3 robust, sustainadle software infrastructire;

* Creste the for and cobaborations among ASCE dnd
HIP sepporsed ressarchers, ASCR computing laciities and Ceanté uer comemun ity

*  Understand the reseavch that may Cwreatly Be in progress 3 the intamational level
and identity drections that would sot duplicate existing grojects;

s Laploce $or A that could emue throegh the ungue
characterntics of the NEP-ASCR collstoratiom.

The wiwkshop should focus on ares of rescarch and colabaration 30 postion Geared 1o
PR energng computer architectures, while groviging for 3 strong, Sverse and
patestially changing user commurnity. We antiiipate that the wirkshop wil develog fndirgs
I8 The contest of KEF and ASCR missions and the colabivative excharges hetween the two
communities wil soed fruitfuf directions that enhance the impact of the morkshos. We
anticpate that yoo will sstasiah & program committes 10 onganioe e woekshop and that
the werahop will comist of glenary and breskout sessiom.

The werkahep sheuld Be held in the Washingtan, DT, metrozoiten sres in sarly to sid-May
2012 time frame. 'We requaest that & mritton regart rezresenting the reauls of the werkihop
be progéred bry you m werkahop chain, with nputs from penel leads, snd other sssigned
witters. The report should specfizaly addrewm sl workahop goals. 'We would e a draft
wersion of the Ceecuthe Summary, containing an overview of the major Sndings of the
workthop, within &5 das after the workshop . The final report witl be wsed By HEP and ASCR
0 shape out-pear program plans 3nd 10 inform e Ofice of Science lorgrange budget
panning process.

Dr, Coven Suswe (Ceren Suset-BernenBidience f0¢ goe), ASCR, a0 Dr. 12§ Chatterjee
b Ohatienee @ sconce doe goad, HEP, will be your primary DOE contacts for this workshop
and will provide any sepport needed 50 0rgan e a0 Conduct 3 successful workshop
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Ths . s an step toward devel and executing The Stratepic vidion for
poring Geantd In the luture theough & pertnenbip between HEP and ASCR. Tharnk pou agan
for agreeing 2o contribute to tai effort.

Sincerely,

2/ A Sy

Or. Cankl A Whchcock Dr. Jarman Shagrist
Asscciate Director of Scence for the Amodate Dwrecter of Science for The
Offxce of Advanced Scientic Computing Office of High Energy Physcs




Summary of Charge from Dan and Jim

1 Bob Lucas and Rob Roser to co-chair workshop
Ceren Susut and Lali Chatterjee are DOE contacts

Goals:
 Review status, successes and limits of Geant4
 Determine challenges posed by new architectures
« Consider opportunities in algorithms and optimization
 Ascertain research for robust, sustainable code
« Create foundation among ASCR and HEP investigators
* Understand and not duplicate international efforts
« Explore transformative advances via HEP-ASCR

collaboration
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Invitation to Participants

March 16,2012
Dear colleague,

At the behest of Dr. Daniel Hitcheock (DOE SC ASCR) and Dr. James Siegrist (DOE SC HEP),
we are arganizing a workshop to study the research challenges posed by the rapid changes
taking place in the computing technology that underpins much of the research in High
Energy Physics, and we are inviting you 1o join us, Specifically, we would like 1o focus on
the GEANT4 code and how it can be adapted 10 forthcoming mam-<core microprocessars in
order to increase its overall performance and allow the incorporation of additional physics
that will increase its overall precision. GEANT4 in turn is used as an important tool in the
design of high energy physics detectors and thelr subsequent data bandling, It is & key
component of an experiment’s overall physics analysis toolkit.  As the fiekd of HEP
progresses it will need to understand how to handle the exponentially increasing volume of
experimental data that must be collected, stored, simulated and analyzed to enable further
discovery of the fundamental workings of nature.

We believe that the challenges of modeling and the bandling of data generated by High
Energy Physics experiments will be best addressed by multidiscipliary teams including
applied mathematicians, computer scientists, and of course, physicists. The workshop will
therefore not only address questions of what research is needed to accelerate the pace of
seientific discovery in an era of many-core processors and new storage technology, but how
best to organize teams whose expertise spans the research domains of both ASCR and HEP.
These collaborations must extend beyond the United States as High Energy Physics
experiments are increasingly international in character, as Is the development of toals such
as GEANTS,

The ultimate goal of this workshop is to draft a report for ASCR and HEP as to how they can
organize future research investments so as to maximize the productivity of any
collshorative efforts that they may launch along these lines. We expect that this will result
in a broad research agenda spanning applied mathematics, performance engineering,
scientific data management, and the analysis of such data. We request your participation in
hoth the workshop itself as well as the dralting of the report.

Our workshop will be held in the Washington, DC, metropolitan area, May 8% and 9%, 2012
Precise details of the venue and the ageada will follow shortly, Please let us know if yvou will
he able to join us. Note, due to space limitations at the event location, pre-registration is

limited to the invited experts,

Sincerely,

%f? 4"‘-‘ s

Bob Lucas Rob Roser

Information Sciences Institute Particle Physics Division

University of Southern California Fermi National Accelerator [aboratory
tlucssiisi edy i inals
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David Asner Pacific Northwest National Laboratory
Amber Boehnlein SLAC National Accelerator Laboratory
Richard Brower Boston University
] ] Paolo Calafiura Lawrence Berkeley National Laboratory
P a rt I c I a n ts Philippe | Canal Fermi National Accelerator Laboratory
Lali Chatterjee DOE Office of High Energy Physics
Gene Cooperman Northeastern University
Terence Critchlow Pacific Northwest National Laboratory
Pedro Diniz University of Southern California
V. Daniel | Elvira Fermi National Accelerator Laboratory
Michael Ernst Brookhaven National Laboratory
Robert Fowler University of North Carolina
Salman Habib Argonne National Laboratory
D O E 8 Andrew Hanushevsky SLAC National Accelerator Laboratory
Jim Kowalkowski Fermi National Accelerator Laboratory
La bs 3 1 David Lange Lawrence Livermore National Laboratory
Randall Laviolette DOE Office of Advanced Scientific Computing Research
Thomas LeCompte Argonne National Laboratory
Acad e m e 9 Steven Lee DOE Office of Advanced Scientific Computing Research
Qing Liu Oak Ridge National Laboratory
Bob Lucas University of Southern California
David Malon Argonne National Laboratory
Gabriel Marin Oak Ridge National Laboratory
Tota I 48 John Mellor-Crummey | Rice University
Richard Mount SLAC National Accelerator Laboratory
Esmond Ng Lawrence Berkeley National Laboratory
Boyana Norris Argonne National Laboratory
Lucy Nowell DOE Office of Advanced Scientific Computing Research
Bruce Palmer Pacific Northwest National Laboratory
Karen Pao DOE Office of Advanced Scientific Computing Research
Marc Paterno Fermi National Accelerator Laboratory
Joseph Perl SLAC National Accelerator Laboratory
Allan Porterfield University of North Carolina
Lawrence | Price DOE Office of High Energy Physics
Michael Procario DOE Office of High Energy Physics
Kenneth Roche Pacific Northwest National Laboratory
Rob Roser Fermi National Accelerator Laboratory
Paul Ruth University of North Carolina
Allen Sanderson University of Utah
Elizabeth | Sexton-Kennedy | Fermi National Accelerator Laboratory
Panagiotis | Spentzouris Fermi National Accelerator Laboratory
Ceren Susut DOE Office of Advanced Scientific Computing Research
Timothy Tautges Argonne National Lab
Craig Tull Lawrence Berkeley National Laboratory
Brian Van Straalen Lawrence Berkeley National Laboratory
Torre Wenaus Brookhaven National Laboratory
10/30/12 Trar | Dennis Wright SLAC National Accelerator Laboratory
John Wu Lawrence Berkeley National Laboratory




Logistics

Dates: May 8-9, 2012
Location: Rockville Hilton, Rockville, MD

Run by Donna Nevels
« Oak Ridge Institute for Science and Education
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May 8
8:00-9:00 am

9:00-9:30 am

9:30-10:00 am

10:00-10:15 am
10:15-10:30 am
10:30-11:00 am

11:00-11:30 am

11:30-12,00 pm
12:00-12:30 pm

12:30-12:45 pm
12:45-1:45 pm
1:45-3:15 pm

3:15-3:30 pm
3:30-5.00 pm
5:00-5:30 pm
5:30 pm

Agenda

Tentative Agenda
“Transforming Geant4 for the Future™

Registration Open
Continental Breakfast
Welcome and Goals Dan Hitchcock, ASCR
ASCR and HEP Jim Siegrist, HEP
Conference Chairs Bob Lucas, USC

Rob Roser, FNAL
Geantd overview Amber Boehnlein, SLAC
Geant4 Collaboration and History Asai Makato, SLAC
Break
Physics uses of Geantd Tom LeCompte, ANL

Trends in multi-core architecture and  Rob Fowler, UNC
optimization oppertunites

Exploting concurrency in Geantd Jim Kowalkowsxi, FNAL

Scientific data management and Rob Ross, ANL
analysis challenges

Charge to Workshop Participants Bob Lucas, USC
Rob Roser, FNAL

Lunch on your own

Parallel Sesslons

Multi-care Optimization

Scientific Data Handiing and Analysis

Break

Resume sessions

Report of Parallel Session progress

Adjourn for the day

L

May 9
8:00-8:30 am
8:30-10:30 am
10:30-11:00 am
11:00-12:00 pm
12:00-12:15 pm

12:15-1:30 pm

1:30 pm

Continental Breakfast

Resume breakout discussions
Break

Plenary reports from discussions

Closing remarks and path forward

Workshop adjourn
Working lunch for organizers and chairs

Report preparation




Challenges Discussed

Low-level Code Enhancements
Multi-threading

S/W Reengineering

Domain Specific Optimization
Early Adoption of ASCR Research
CAD Interface for Geometry
Parallel 1/O

Data Access

Distributed Data Management
Workflow and Provenance
Visualization and Analysis

10/30/12 Transforming Geant4 for the Future

10



Report

Rob Fowler from UNC
created a shared SVN
repository

All participants were
invited to contribute

Finalized in Sept. 2012

10/30/12 Transforming

Transforming Geant4
for the Future

Report from the Workshop on
Transforming Geant4 for the Future
September 2012
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Summary

Increasing the capability of Geant4 is important to HEP

ASCR and HEP should investigate this together

* Optimize today’s Geant4 for immediate impact
 Refactor Geant4 for future computing systems
 Address challenges from the PBytes of data generated

Must coordinate with worldwide Geant4 collaboration
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