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The Geant4 Collaboration is governed by the Collaboration Agreement (CA) and associated
regulations listed here:

Collaboration Agreement

— https://geant4.cern.ch/collaboration/agreement/geant4-agreement-2005.pdf
Annexes to Collaboration Agreement

— https://geant4.cern.ch/collaboration/agreement/geant4-agreement-annex1.pdf
— https://geant4.cern.ch/collaboration/agreement/geant4-agreement-annex2.pdf
Geant4 Software License

— https://geant4.cern.ch/license/LICENSE.html

Geant4 tag and release policy

— https://geant4.cern.ch/collaboration/tag_release.shtml

Publication Policy and associated procedures

— https://geant4.cern.ch/collaboration/Geant4CollaborationPublicationPolicy.pdf
— https://geant4.cern.ch/collaboration/pub_policy.shtml

Election regulation

— https://geant4.cern.ch/collaboration/steering_board/internal/meetings/SB_Feb2012_2/
RevisedRegulationOfGeant4SpokespersonElection.doc (*)

Note: The Review Board members have full access to all the restricted areas of
collaboration web pages. To see the restricted pages indicated with (*), Please use
Username and Password provided at the top of the input report.
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Collaboration agreement

The Geant4 Collaboration was launched in 1999 after the successful termination
of CERN RD44 project.

Originally, the Collaboration was governed by “Memoranda of Understandings”
signed by collaborating institutions and experiments.

— Experiments provided resources.
In 2006, new Collaboration Agreement was created and signed by institutions.

— Current signing parties: CERN, ESA, G4Al, IN2P3, INFN, KEK, LIP, LPI,
Spain, STFC, TRIUMF, US_DOE

Signed institutions provide resources (manpower and computing).

Individual collaborators are not mandated to sign to CA, but confirm their
compliance to CA every year.
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_Geant4 collaboration (as of 2012 census)

2012 — 102 collaborators, 31.34 FTE (2011 — 102 collaborators, 35.73 FTE)

WG FTE WG FTE WG FTE
Run, Event & 0.72 (0.95) Standard EM 3.95 (4.55) Novice& 1.31 (0.93)
Detector Extended
Example
Tracking 0.15 (0.15) Low-Energy EM | 6.07 (7.77) Advanced 2.06 (3.24)
Example
Particle & Track | 0.20 (0.20) Hadronics 10.04 (9.27) | Testing and Q/A | 1.36 (2.02)
Geometry 0.80 (1.30) GUI 0.85 (0.85) Software 0.51 (0.51)
Management
Gen Proc & 0.56 (0.50) Visualization 1.45 (1.80) Collaboration 0.50 (0.50)
Material Management
Persistency 0.30 (0.45) Documentation 0.51 (0.51)
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Geant4 collaboration (as of 2012 census)

Orzg:inzt;{ilon UL Orcg:Zﬁinzt;{ilon = Orzca)::;tar{ilon Ul
US 6.97 Japan 1.90 Canada 0.70
CERN 6.71 Russia 1.65 Portuguese 0.52
France 5.43 Spain 1.19 ESA 0.35
ltaly 3.69 UK 0.80 Other 1.43

« HENP-bound 15.11, Space/Medical-bound 5.87, free research 10.36

* Note : numbers are approximate.
— FTE numbers are self-declared and not audited.
— FTE includes contributions from students who declare large FTE numbers.
— ESA’ s contribution is spread over several countries.
— Some of Russian contribution may belong to CERN.
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Computing resources

* Nightly test on build and low-statistic tests

* Regular benchmarking tests associated with monthly tag

« Physics quality monitoring associated with monthly tag
— 200-300 CPUs for 3-4 days

« Large statistic physics quality monitoring for public release
— ~1000 CPUs for 2-3 weeks

Job distribution (only success)
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Computing resources in 2012

« In 2012, we have following computing resources (CPUs) in peak time of public
release phase for validating the releases by running stress tests and benchmarks
(for both regular and patch releases).

— CERN (local batch + grid) : 200 + 200
— KEK (Japan) : 200
— CEA (France) : 100
— LAPP (France) : 100
— LLR (France) : 100
— NIKHEF (The Netherlands), RAL (UK), CNAF (ltaly)
« Some configuration issues — use in parasitic mode
— KISTI (Korea) : new ~1000

« LHC massive simulation production now hits very rare incidents. For example,
ATLAS recently found a bug which happens a few times in billion events.

— Larger scale validation tests are required.
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_ Other computing resources

« CERN

— SVN repository, Nightly test management, collaboration web pages, mailing
lists, Quality Assurance (Coverity, Valgrind, etc.)

« KEK

— LXR source code browser, JIRA requirements tracking
- SLAC

— HyperNews
« FNAL

— Memory usage and CPU performance monitoring, physics validation web
portal

Note: These services require allocated human resources as well.
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Budget

 The Geant4 Collaboration does not have a central budget. Individual
collaborators, their institutes and/or their funding agencies allocate budgets for
their salaries and necessary travel expenses.

« Major collaborating institutes offer their computing resources to the Collaboration
for benchmarks, storage and web-based services.

— Such contributions include not only the hardware resources but also human
resources for operations.
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~ Geant4 Collaboration membership

The members of the Collaboration are the individuals who perform the scientific
and technical development and maintenance of the Geant4 toolkit.

A census is conducted at the beginning of each year. As a part of the census,
every collaborator is requested to renew his/her collaboration membership by

— maintaining his/her CERN AFS account (e.g. updating IT security course)

— clicking the confirmation button in a web dialogue, which has links to the CA
and current regulations.

We had 102 collaborators at the time of 2012 census, and welcomed 13 new
collaborators this year.

New membership is granted by the Steering Board (SB). The coordinator of the
working group in which the new collaborator wants to contribute makes the request
to the SB for membership.

— The WG coordinator reports to the SB the new member's expected
contribution, responsibility, continuity and other information. The SB then
discusses and decides on the new membership.

— For a student whose thesis supervisor is already a collaboration member,
membership is automatically granted once the WG coordinator's report is
given.
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~ Geant4 Collaboration membership

« We have two types of collaborators:

— those who are tasked to work for Geant4; they are typically employees of
major HEP labs which signed the Collaboration Agreement, and

— those who voluntarily work for Geant4; they are typically university
researchers who devote some of their research time.

« We do need both of them.

— To maintain the quality of the code and to conduct large-scale validation tests,
stable commitments of tasked collaborators of large institutes are essential.

— Contributions of university researchers are vital to maintain the diversity of
options available in such areas as physics models, visualization and GUI.

« Stable positions for younger researchers are important.
— Some key developers have retired. Some others are “tired”.
 We need to encourage and promote new generation collaborators.
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_ Two extreme case study

* Problems with strong top-down management
— It would require forcing a collaborator to do or not to do something.
» Neither Spokesperson nor WG coordinators serve as supervisors of
collaborators.
— We would lose volunteer-based collaborators who have contributed and/or
will contribute to the diversity of options in particular in physics models,
visualization and GUI.

* Problems with open-source style

— It would be hard to have collaboration-wide large-scale development or
migration which requires considerable amount of preparation, including work
planning, resource assessment and mitigation of potential conflicts with

other developments.
— It would become hard to manage software quality in both physics and
computing performance.

« We believe consensus-based approach is the practical way to drive and enforce
decisions to the collaboration that is composed by variety of commitment styles.
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Current collaboration management

- Spokesperson : Makoto Asai (SLAC) Current term
« Deputy spokesperson : Marc Verderi (IN2P3/LLR) Apr. 2012 — Mar. 2014
« Release coordinator : Gabriele Cosmo (CERN)

« Technical Forum chair : Andreas Morsch (CERN)
* Deputy Technical Forum chair : Bruce Faddegon (UCSF)

* Publication Board chair : Dennis Wright (SLAC)
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_ Oversight Board

Institution Representative
CERN L. Mapelli

ESA P. Nieminen
INFN M. Paganoni
IN2P3 C. Diaconu (Chair)
KEK K. Amako

LIP and TRIUMF F. Retiere

LPI V. Grichine
Spain N. Colino

STFC (formerly PPARC) and HIP J. Allison

US DOE R. Mount

« The Oversight Board (OB) is composed of representatives of the signing parties
or groups of signing parties committing more than the minimum threshold of
resources into the Collaboration.

— Currently, the threshold is set to 2 FTE contribution.
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_ Oversight Board

» Responsibilities:

Monitor the overall activity of the Geant4 collaboration and advise the Steering
Board;

Monitor the level of resources contributed by each group of members
represented by a signing party. When necessary take steps to ensure that
committed resources are available and adequate to meet the needs of the

Collaboration;
Organize appropriate reviews to assist in the above processes;

Make recommendations on the admission of new members requiring new
signing parties (as detailed in the Regulations).

Approve amendments to the Collaboration Agreement proposed by the
Steering Board.

At the request of the Steering Board, act as final arbiter to resolve issues that
may arise.

 The OB meets at least twice every year.

Since 2010, one OB/SB joint meeting is held during the annual Collaboration
meeting.
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Communication between OB and SB

Institute tends to want its employees to work on the issues directly addressing to
its needs. On the other hand, no institute has expertise that covers all Geant4

categories.
In reality, no single scale of priority exists. Give-and-take relation between
agencies/institutes is mandatory.

— Also institutes get benefit from voluntary-based collaborators.

SB is the place where priority is negotiated and applied. Spokesperson monitors
and enforces priorities.

— Periorities are driven by various aspects, including requirements from institutes,
agencies, experiments and users, and also affected by available resources
and developers' interests.

— We should avoid priorities to be set simply proportional to FTE commitments.
It results in inflated FTE declaration.

This means SB (and Spokesperson) has the responsibility to explain to the
funding agencies and institutes and justify the priority.

OB is the place for such explanation, but direct communication of individual
agencyl/institution and Spokesperson could do even better.
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_ Steering Board (23+3)

Role Name

Chair of SB and Spokesperson of Geant4 Makoto Asai
Deputy spokesperson of Geant4 Marc Verderi
Chair Technical Forum |[Andreas Morsch
Deputy Chair Technical Forum [Bruce Fa n

Release Manager

Oversight Board liason [John Allison
Working Group Coordinator | Deputy and Representatives
Advanced Examples G. A. Pablo Cirrone | (Luciano Pandola)

Documentation Management

|
|
|
|
|
||Gabriele Cosmo
|
|
|
|

[Michael Kelsey

||(Dennis Wright)

Electromagnetic Physics

Vladimir lvanchenko

Peter Gumplinger
Michel Maire

Geometry and Transport

||Gabriele Cosmo

l|(John Apostolakis)

Hadronic Physics

Alberto Ribon

Dennis Wright
Gunter Folger,
Michael Kelsey

Low Energy Electromagnetic Physics Sebastien Incerti %ﬁdola
[Novice and Extended Examples |llvana Hrivnacova ||(Peter Gumplinger)
[Particles and Track |Hisaya Kurashige (|(Makoto Asai)
[Persistency ||Gabriele Cosmo ||(Witold Pokorski)

[Processes and Materials IMarc Verderi [|(Viadimir lvanchenko)
[Run, Event and Detector Responses IMakoto Asai ||(Hisaya Kurashige)
[Software Management ||Ben Morgan ||(Gunter Folger)

|Testing and Quality Assurance

|\Gunter Folger

||(Daniel Elvira)

[Tracking

|[Takashi Sasaki

||(Katsuya Amako)

|User and Category Interfaces

|[Koichi Murakami

||(Hajime Yoshida)

|Visualisation ||Joseph Perl ||(John Allison)

[Task Force |Leader

[Physics Validation ||Andrea Dotti I—

|Code Reviews and Improvements ||Daniel Elvira Names in parentheses are delegates

[Reference Physics Lists

||Gunter Folger

on absences of coordinators




_ Steering Board

« The Steering Board governs the Collaboration as the representative of its
members, except for those cases in which members vote directly.

« The Steering Board is responsible for the scientific and technical goals of the
Geant4 Collaboration, and to plan and manage the work required to reach these
goals.

* The Steering Board is responsible for:

coordinating the Geant4 development, maintenance and user support.

setting priorities. In setting priorities the Steering Board will make maximal use
of any consensus on priorities reached by the Technical Forum.

deciding about the admission of new members to the Collaboration. In the
case of new members that require new signing parties, a recommendation
should be sought from the Oversight Board, according to the procedure

specified in the Regulations, before the Steering Board makes its decision.

amending the Collaboration Agreement, subject to subsequent approval of the
Oversight Board.

amending the regulations governing the Collaboration activities.

setting up and revising the structure (working groups, tasks etc.) to
accomplish these responsibilities.
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Steering Board

« The spokesperson chairs the SB, and deputy spokesperson is the deputy chair.

 The SB also organizes tasks, which are described in the following slide, and
invites leaders of these tasks to the SB meeting.

 The SB meets at least six times per year. The agenda and internal minutes of
each SB meeting can be found at this page.

— https://geant4.cern.ch/collaboration/steering_board/internal/ (*)
« and public minutes are available at this page.
— https://geant4.cern.ch/collaboration/steering_board/minutes/

 Public minutes are created and circulated to the entire Collaboration within two
working days after each SB meeting.
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\ Tasks

* From time to time the SB may identify a task, which is of concern/interest of the
entire Collaboration, and allocate collaboration resources for it.

— Such a task likely transcends any single working group and may or may not
be temporary.

« The SB appoints the task leader and mandates the leader to report to the SB in
regular basis.

* Currently, there are three tasks.
— Physics performance monitoring
 https://twiki.cern.ch/twiki/bin/view/Geant4/PhysicsValidationTaskForce
— Computing performance monitoring
» http://oink.fnal.gov/perfanalysis/g4p/admin/task.html
— Physics lists configuration

* https://geant4.cern.ch/support/proc mod catalog/physics lists/
referencePL.shtml
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Liaisons

« The SB appoints liaisons to major user groups.

« Liaisons regularly participate in meetings of appointed user groups, and capture
their requirements and inform them of our developments.

* Currently we have liaisons to ATLAS, CMS, LHCb, ALICE and GATE
Collaborations.

* In the past, we had liaisons to BaBar and HARP as well.

« The Collaboration also has direct contacts with several other experiments,
including CALICE, ILC, Mu2e, CDMS, Belle-2, GERDA, etc.
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_ Steering Board

Most of the SB members are very actively contributing to the collaboration.

We understand some OB members are concerned that the size of the SB is too
large as a management body.

— But in reality, SB is the agency that adds legitimacy / legality to decisions. We
can reach consensus on decisions while avoiding the situation in which
someone feels unrepresented and therefore without a say.

Practically, the collaboration management body (spokesperson, deputy
spokesperson, release manager, etc.) creates SB meeting agenda and drives the
discussion.

— In general, agenda items proposed by the collaboration management are
endorsed with only few changes.

— The SB is not however a dummy "recording chamber" and more active
discussions happen sometimes. In particular, when some difficult points, in
particular for collaboration policy, arise, the SB has shown its capability to
generate valid responses.

From this point of view, one may see the SB as having a role which is more
"council-style" in response to a steering activity that is more in the hands of the
management body.
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Working groups and their representatives

Each working group (WG) is responsible for particular scientific, technical or
operational aspects of the work of the Collaboration.

Working Group coordinator and additional representatives are elected by the
working group members and approved by the Steering Board.

Each WG coordinator has a seat on the SB. If the coordinator cannot attend an
SB meeting, the deputy WG coordinator may be his/her delegation.

WGs having more than 2 FTE are entitled to additional seats on the SB for every
2 additional FTE.

The term of WG coordinator and additional representative is two years.
— Current term: Mar. 2012 — Feb. 2014

A list of current working groups appears on this web page, and contains links to
WG web pages where their responsibilities are described as well as their activities
and regular meetings.

— https://geant4.cern.ch/collaboration/working groups.shtml
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_ Working groups and their representatives

Currently there are 16 working groups.
— Many collaborators belong to more than one WGs.

IWorking Group |Coordinator |Deputy and Representatives |

|Advanced Examples \G.A. Pablo Cirrone l|(Luciano Pandola) |

IDocumentation Management IMichael Kelsey ||(Dennis Wright) |
i i - Peter Gumplinger

Electromagnetic Physics Viadimir lvanchenko Michel Maire

|Geometry and Transport

”Gabriele Cosmo

l|(John Apostolakis)

Hadronic Physics

Alberto Ribon

Dennis Wright
Gunter Folger,
Michael Kelsey

Low Energy Electromagnetic Physics

Sebastien Incerti

Ziad Francis
Luciano Pandola

INovice and Extended Examples [llvana Hrivnacova ||(Peter Gumplinger)
Particles and Track |Hisaya Kurashige |(Makoto Asai)
|Persistency |\Gabriele Cosmo [|(Witold Pokorski)

IProcesses and Materials

||Marc Verderi

l|(Viadimir lvanchenko)

IRun, Event and Detector Responses IMakoto Asai [(Hisaya Kurashige)
[Software Management ||Ben Morgan [(Gunter Folger)

|Testing and Quality Assurance

|\Gunter Folger

||(Daniel Elvira)

|Tracking

|Takashi Sasaki

||( Katsuya Amako)

|User and Category Interfaces

||Koichi Murakami

[(Hajime Yoshida)

|Visualisation

“Josegh Perl

l|(John Allison)

Geant?
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_ Spokesperson

« The spokesperson is elected by all active collaborators in a vote conducted by the
election management team, as described in the election regulations.

« The spokesperson has a term of two years, and appoints his/her deputy.

» The spokesperson and the deputy spokesperson share the following
responsibilities:
— call SB meetings, create their agendas, chair the meetings, and create
internal and public minutes,
— monitor activities in the Collaboration and suggest iterations if necessary,

— promote discussions within the Collaboration and with external people on
topics of interest,

— identify Collaboration-wide issues and drive and implement improvements,

— collaborate with the Technical Forum chair to schedule a TF, and present
status and issues on behalf of the Collaboration, and also make sure captured
requirements are integrated into the development plan,

— report to Oversight Board, and
— represent the Collaboration to users, at conferences, etc.
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Technical Forum

» The role of the Technical Forum is to provide a forum for discussion between the
user community and the Geant4 Collaboration.

 The Technical Forum (TF) is organized by the Geant4 Collaboration through the
Steering Board. The TF provides a forum for discussing:

— major user and developer requirements and priorities,
— software implementation issues,
— physics validation issues, and
— user support issues
 The Technical Forum is open to all interested parties.
« The TF is held four times per year.

— Among these four TFs, the first one is held in March and puts emphasis on
discussion of the work plan of the Collaboration for the year.

— The fourth TF is held near the time of the end-of-year release and puts
emphasis on deliverables of the release.

— The second and third TFs are usually associated with conferences or
workshops of certain application domains.
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Technical Forum

« Agendas and minutes of past TFs are linked here.
— https://geant4.cern.ch/collaboration/technical forum/index.shtml

* Next TF is scheduled on December 6t (Thursday) at 16:00-18:00 at CERN, right
after the release of Geant4 version 9.6.

— All reviewers are invited to participate to this TF to evaluate how we
communicate with the users.
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Collaboration processes

» Collaboration census

— Every year in January
« Elections

— Every two years

— WG coordinators and other representatives are elected by the members of
each WG and endorsed by SB in February.
— Spokesperson election takes place in March and April. Election is conducted
by the election management team in the SB.
« Publication board
— Three board members with three-year term each. Every year SB elects one
new board member.

* New regulation or modification of existing regulation is firstly discussed by SB and
then circulated to the entire collaboration for their comments. Then the SB makes
the final decision.
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Annual work plan

« The annual work plan is developed in two ways.
 Bottom-up

— Individual collaborators and/or groups of collaborators propose a work plan,
either motivated by their own research interest or driven by captured user
requirements.

— Proposals are coordinated by a working group and then by the SB.
« Top-down
— The Collaboration-wide or cross-category work plan is developed by the SB.

— For large-scale development, typically the development/migration that affects
at least several categories or the entire toolkit, the work plan is firstly created
by the Architecture Team (AT) in the SB.

» For each large-scale development, the AT invites additional members who
have expertise in the particular development target.

« The AT proposes the work plan to the SB, and the SB integrates it with
the general Collaboration work plan.

— The plan is then brought to WG's and implemented.
« The SB monitors the progress for both cases.
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Annual work plan

« The work plan for a year is compiled before the end of February and publicized for
user’s feedback.

« At the first TF of the year, which is usually scheduled in March, one of the major
topics of discussion is the annual work plan.

« The work plan is then finalized by the end of March and posted on a public web
page.
— The work plan for 2012 is here:
» https://geant4.cern.ch/support/planned features.shtml

* Near the time of the end-of-year release, when the release is introduced to the 4th

TF, the work plan is consulted in order to point out which development items were
delivered and which were not.
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Longer term work plan

* Alonger-term development plan is initiated in many ways, for example by
discussions at the SB meeting, annual Collaboration meeting, WG meetings, and
at any other occasions.

— Such a development plan can be initiated by user requirements or
collaborators' assessments of trends.

« The SB/AT conducts the discussion both inside the SB and Collaboration-wide to
reach consensus.

* Our current view of longer-term plan is described in the document submitted to
the European Strategy Preparatory Group.

— https://indico.cern.ch/abstractDisplay.py/getAttachedFile?
abstractld=170&resld=0&confld=175067

« Large-scale development or migration requires considerable amount of
preparation, including work planning, resource assessment and mitigation of
potential conflicts with other developments.

« Longer-term work plan is then decomposed to annual work plans and
implemented as the "top-down” development plan described in the previous slide.
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Longer term work plan

* In the past, the Collaboration has experienced some major developments and
migrations which affected many or all categories. These include:

— Migration from RogueWave template library to the C++ Standard Template
Library (STL)
— Introduction of "Cuts-per-region" functionality, and
— Introduction of "Parallel world navigation" functionality
« The Collaboration is now targeting a major migration to multi-threading and
thread-safety.

— The Collaboration started studies in this context in 2009 and had made two
prototype releases in 2011 and 2012.

— A new prototype release is planned in early 2013 and a Beta-release in June
2013, targeting for a full production release by the end of 2013.
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Perspectives

» Three major tasks will go in parallel

1. Maintain/improve current code in both physics and usability
— With some benefit-driven kernel improvements

2. G4MT is promising
— By early 2013 we plan the integration of G4MT into the main code-base.
— Also make use of G4MT as the base of our design iterations.

3. Further design iterations

— Through the internal architecture review in 2010, we identified several areas
of potential improvements in either computing performance or maintainability.

— For example,
* reducing number of abstract layers, virtual methods
 relocating transient data members from geometry or physics to track

— At least for next 5-10 years, total memory size for each core seems to be OK,
but cache-hit-rate is the key area of improvements.

— Try to avoid forcing massive revisions/re-implementations of user’s code.
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New trends?

 Hardware
— GPGPU, Intel MIC, etc.
* Programming language
— CUDA, OpenCL, DSL, etc.
« They all look charming, but we believe they all are still premature.

— Also, all these technologies currently imply adoption of programming
paradigms are too tightly bound to specific hardware solutions. Thus
investment in anything more than exploration would cause a serious risk of

losing generality and flexibility.

«  We will keep eyes on them, keep in touch and/or participating with external
projects which explore them, and get whatever the useful bits into our design

iterations.

— For example,
« through “concurrency project” at CERN/FNAL, we expect to learn the
most efficient way of grouping tracks to improve cache-hit-rate as well as
the associated requirements from LHC experiments.

» through SLAC/Stanford/KEK/NVIDIA project, we expect to learn the most
efficient way to deal with a large data table (e.g. a large cross-section




Communications inside the Collaboration

The Geant4 Collaboration holds a general annual Collaboration Meeting (CM).
— It lasts for one working week.

The CM is open only to the Collaboration members, but external members
participation is still doable, by invitation.

The CM is organized in plenary and parallel sessions. At CM, the Collaboration
states on its developments, and discusses issues, evolutions and future plans.

The most recent Collaboration meeting was held at Chartres (France). The
meeting web site, where agenda and all presentations are publicly available, is
here:

— http://lr.in2p3.fr/sites/g4-2012/home.html

Links to past Collaboration meetings can be found either in the past events list, or
in this page:

— https://geant4.cern.ch/collaboration/workshops.shtml

There are several kinds of regular meetings, which include the annual
Collaboration meeting, Steering Board meetings and Working Group meetings.

The Collaboration has several internal mailing lists, including the Collaboration-
wide list, WG lists, lists dedicated to tasks and projects, etc.
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Following presentations

* In the following three presentations, we will continue describing our collaboration
processes for:

— Communication with users and requirement capturing
— Publication, and
— Release

W4 Geant4 Collaboration - Organization and management



Backup slides



B Exportcitation "% PDF (2862 K)

@ Show thumbnails in outiine

Abstract
PACS
Keywords
1. Introduction
1.1. History of Geant4
1.2. Organisation of the collaboration
1.3. User support, documentation and
source code
1.4. Examples and training kits
1.5. Structure of this paper
2. Design overview
2.1. General considerations

2.1.1. General capabilities and
properties
2.1.2. Openness

2.2. Global structure

2.3. Design and architecture
2.3.1. Events
2.3.2. Geometry and detector
representation
2.3.3. Tracking
2.3.4. Physics

2.3.5. Particles and materials
2.4. User actions
3. Software process
3.1. Methodology
3.2. Object-oriented analysis and
design
3.2.1. Requirement gathering and
OOA phase
3.2.2. OOD phase
3.2.3. Code implementation and
evolution phase
3.3. Software process improvement
3.4. Configuration and release
management
3.5. Quality assurance and testing

ScienceDirect  Scopus  Applications

More options...?

&5 Nuclear Instruments and Methods in K=l
& Physics Research Section A: Accelerators, =
- ,. Spectrometers, Detectors and Associated
ELSEVIER Equipment

Volume 508, Issue 3, 1 July 2003, Pages 250-303

GeanT4—a simulation toolkit

S. Agostinelli®®, J. Allison®*: & M K Amako®, J. Apostolakis?, H. Araujo?, P. Arce" ™ * 2 M. Asaif #,
D. Axen'!, S. Banerjee®" !, G. Barrand®", F. Behner, L. Bellagamba®, J. Boudreau®?, L. Broglia®’, A.
Brunengo®, H. Burkhardt?, S. Chauvie® ', J. Chuma", R. Chytracek?, G. Cooperman®, G. Cosmo?, P.
Degtyarenko?, A. Dell'Acqua® ', G. Depaola’, D. Dietrich®!, R. Enami®?, A. Feliciello®, C. Ferguson®", H.
Fesefeldt" °, G. Folger®, F. Foppiano®, A. Forti®%, S. Garelli?®, S. Giani?, R. Giannitrapani®®, D. Gibin™
be J.J. Gémez Cadenas™ °, |. Gonzalez?, G. Gracia Abril", G. Greeniaus® " 29, W. Greiner®, V.
Grichine, A. Grossheim™ 2, S. Guatelli?¢, P. Gumplinger”, R. Hamatsu®*, K. Hashimoto?®, H. Hasui®®, A.
Heikkinen®", A. Howard?, V. Ivanchenko® 2, A. Johnson?, F.W. Jones", J. Kallenbach®?, N. Kanaya' ",
M. K b Y. K b M. K i2%, S. Kelner?!, P. Kent', A. Kimura?¥: °®, T. Kodama®", R.
Kokoulin®, M. Kossov?, H. Kurashige®™, E. Lamanna“, T. Lampén?", V. Lara® " %9, V. Lefebure!, F. Lei®"
be, M. Liend!" 2 ®", W. Lockman' ®", F. Longo®™, S. Magni* 2¥, M. Maire®°, E. Medemach?, K.
Minamimoto®*: 2, P. Mora de Freitas®?, Y. Morita®, K. Murakami®, M. Nagamatu®*, R. Nartallo®, P.
Nieminen®, T. Nishimura®®, K. Ohtsubo?®, M. Okamura?®, S. O'Neale®, Y. Oohata®, K. Paech®', J. Perl,
A. Pfeiffer®, M.G. Pia®, F. Ranjard”, A. Rybin®*, S. Sadilov® , E. Di Salvo®, G. Santin®™, T. Sasaki®,
N. Savvas®®, Y. Sawada®?, S. Scherer®!, S. Sei?¥, V. Sirotenko" 2/, D. Smith?, N. Starkov', H. Stoecker®',
J. Sulkimo®", M. Takahata®’, S. Tanaka®, E. Tchemiaev?, E. Safai Tehrani¢, M. Tropeano®®, P.
Truscott?®, H. Uno®¥, L. Urban", P. Urban®9, M. Verderi®®, A. Walkden®s, W. Wander®", H. Weber?!, J.P.
Wellisch?®: ', T. Wenaus", D.C. Williams* !, D. Wright?: ", T. Yamada®", H. Yoshida®"¥, D. Zschiesche?'

s o

for Nuclear (CERN)
b European Space Agency (ESA), ESTEC, The Netherlands
© Istituto Nazionale di Fisica Nucleare (INFN), Italy
¢ Jefferson Lab, USA

©KEK, Japan

! Lebedev Institute, Russia

9 Stanford Linear Accelerator Center (SLAC), USA
" TRIUMF, Canada

" ATLAS Collaboration, CERN, Switzerland

I BaBar Collaboration, USA

* Borexino Collaboration, Italy

! CMS Collaboration, CERN, Switzerland

" HARP Collaboration, CERN, Switzerland

" LHCb Collaboration, CERN, Switzerland
©RWTH, Aachen, Germany

? University of Alberta, Canada

4 ALICE Collaboration, CERN, Switzerland

‘ University of Bath, UK

* University of Birmingham, UK

* University of British Columbia, Canada

“ Brookhaven National Laboratory, USA

¥ Kfki, Budapest, Hungary

* Universita della Calabria and INFN, Italy

Register | Login @ | Goto Scival Suite

[ search scienceDirect

|C\ Search |¥

Related articles

Creation of concept shape designs via a virt...
Computer-Aided Design

Usability principles and best practices for ...
International Journal of Human-Computer Stud...
Development and implementation of CAD/CAM te...
Computers & Graphics

» Object-oriented application developmentin C...
Automation in Construction

ind...

. ioning and igurat
Artificial Intefigence in Engineering
} View more related articles

Cited K

» AGATA - Advanced GAmma Tracking Array
Nuclear Instruments and Methods in Physics R...

? Table Download

Find HTML data tables from the current
article to download.

[ Find Tables |

About Table Download

0 MostDownloaded

Most downloaded articles from the last three months
in this journal:

* Geantd-a simulation toolkit

* Big-bang nucleosynthesis: A probe of the early
Universe

Neutron spectrometry in a mixed field of
neutrons and protons with a phoswich neutron
detector - Part |I: application of the phoswich
neutron detector to neutron spectrum
measurements

» A probability-conserving cross-section biasi...
Nuclear Instruments and Methods in Physics R...

» A Geant4 simulation package for the TASISpec...
Nuclear Instruments and Methods in Physics R...

» View details of all 3030 citing articles in Scopus




® 00 Geant4 - Google Scholar "
| [4 | >] [+ e"http://scholar.google.com/scholar?q=Geant4&h|=en&btnG=Sea C] '._/Q' Google \,l [O] k |

Google Geants -
Scholar Environ 16 800 résultats (0,05 s)

Sche

— Date indifférente Conseil : Recherchez des résultats uniguement en frangais. Vous pouvez indiquer votre langue de recherche sur la page

= Depuis 2012

S Coll pepuis 2011 GEANT4—a simulation toolkit

Abstra Depuis 2008 S Agostinelli, J Allison, K Amako, J Apostolakis... - Nuclear Instruments and ..., 2003 - Elsevier

'r?c'u?lf Période spécifique... Geant4 is a toolkit for simulating the passage of particles through matter. It includes a

Cl'ttse.d | complete range of functionality including tracking, geometry, physics models and hits. The

|

ses offered cover a comprehensive range, including electromagnetic, ...
Autres articles Les 15 versions

Trier par pertinence Cité 562 fois

GEA| Trier par date
S Ago eantd4 developments and applications

Geant Rechercher sur le Web J Allison, K Amako, J Apostolakis... - Nuclear Science, ..., 2006 - ieeexplore.ieee.org
compl . Abstract Geantd is a software toolkit for the simulation of the passage of particles through

i R;fa h:r:ir;er les pages en matter. It is used by a large number of experiments and projects in a variety of application
Cited | ¢ domains, including high energy physics, astrophysics and space science, medical physics ...
Cité 1308 fois Autres articles Les 18 versions
Gear v" inclure les brevets
JAllis . lure les citations por] GEANT4: A simulation toolkit
Abstra G Collaboration, S Agostinelli - Nucl. Instrum. Meth. A, 2003 - ns1.hep.scitec.kobe-u.ac.jp
mattef Abstract GEAnT4 is a toolkit for simulating the passage of particles through matter. It
dgmau Créer l'alerte includes a complete range of functionality including tracking, geometry, physics models and
Cited | hits. The physics processes offered cover a comprehensive range, including ...
Cité 721 fois Autres articles Les 9 versions Plus~
[CITATI
G Coll Geant4 low energy electromagnetic physics
Cited | S Chauvie, S Guatelli, V Ivanchenko... - ... Record, 2004 |IEEE, 2004 - ieeexplore.ieee.org

Abstract The Geant4 simulation toolkit includes a specialised package, implementing a
precise treatment of electromagnetic interactions of particles with matter below 1 keV. The
Geant4 low energy electromagnetic package provides a variety of models describing the ...
Cité 106 fois Autres articles Les 8 versions




Closing remarks

Makoto Asai and Marc Verderi
2012 Geant4 Collaboration Meeting

Chartres

’. ‘ h NATIONAL

— ACCELERATOR

P b ™NN\e® | A5ORATORY




Before we conclude the collaboration meeting

* Before we move to the final slides, let’s see some presentations
outside of this collaboration meeting.

— CHEP2012

— Transforming Geant4 to the Future Workshop
— Open Symposium of European Strategy Preparatory Group

Concluding remarks - Makoto Asai and Marc Verderi
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Applications Beyond HEP

* In addition to being vital for our ongoing detector simulation,
GEANT4 captures the experience and knowledge of particle physics
about what happens when particles pass through matter.

 GEANT4 is freely available to the public and has found important uses
in industry.

- Aerospace and medical devices companies
use the software in their work. Boeing and
Lockheed Martin use it to study the effects of
cosmic rays on the electronics in satellites.

* Electronics have become so sensitive that a
single cosmic ray can affect the proper
operation.

* Monte Carlo Radiative Energy Deposition

(MRED) software uses GEANTA4.
*Geant4 Application for Tomographic EmissionSimulation of PET scans and
scanning Radiotherapy using GEANT4 as its base.

CPPM-IN2P3 (CNRS UMR 6550)

U.S. DEPARTMENT OF N
Office of 17

EN ERGY Science




Transforming Geant4 for the Future Workshop

Sponsored by the U.S. Department of Energy, Office of Advanced Scientific Computing Research
and Office of High Energy Physics

Rockville Hilton, Rockville MD, May 8-9, 2012
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workshop to identify opportunities and needs for leveraging the powerful physics
capabilities of Geant4 into a robust, sustainable software infrastructure.
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Geant4 is a software toolkit that was developed for the simulation of particle-matter intekactions for high
energy physics (HEP) research. One of the most commonly used simulation tools in experifpental HEP,
GEANT 4 is critical for LHC experiments at the Energy Frontier. It is an important tool in thg design of
high energy physics detectors and their subsequent data handling, and thus a key componen of an
experiment's overall physics analysis toolkit.

The workshop will identify applied mathematics, computer science and algorithm development
in effectively transitioning Geant4 to new computer architectures and will examine opportunities

the code will increase its performance and allow the incorporation of additional physical models that
further increase its accuracy. This transformation will also facilitate handling of the exponentially
increasing volume of experimental and simulation data that must be collected, stored, simulated and
analyzed to enable further discovery of the fundamental workings of nature.

The Department of Energy's (DOE) Office of Advanced Scientific Computing
Research (ASCR) and Office of High Energy Physics (HEP) are co-sponsoring a
workshop to identify opportunities and needs for leveraging the powerful physics
capabilities of Geant4 into a robust, sustainable software infrastructure.
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Instrumentation, Computing and General Infrastructure

Detector R&D for Discovery Science:
-Many ongoing R&D efforts in Tracking (50%) / Calorimetry / PID / electronics
-New technologies: ~15 years R&D from conception to production =» need to start early
-Step from R&D to realization requires industrialization / Technology transfer.
Discussion:  More coherent / collaborative work among R&D communities.
More effort on education of and recognition for young physicists on detectors.
Is there a need to revive the DRDC committee?
Large scale projects / Infrastructures:
-LHC experiments pioneered an approach applicable to future large projects,
-Project management and strong host laboratory is pivotal to deliver large scale projects,
-Maintain local expertise at large laboratories to cope with production/commissioning.
Discussion:  Training and education of young generation via specialized schools has to be
supported / stronger role of Universities advisable.
Support of small size experiments as training platform for next generation.
How best to provide infrastructure/support for “greenfield” experiments?

Computing:

-Great success of LHC computing / WLCG, but needed ~15 years development
-Tier-structure lead to speedy delivery of results. Future funding uncertainties ? new
computing model needed ?

-Must handle multiple core processors in future =» Experienced computing engineers

-GEANT4 very successful, but need further developments to cope with experiments and
detector R&D of the future.

T. Nakada (Introduction) a S ? European S.ztru} Open Symposium, Cracow, Poland, September 10-12,2012
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Event Simulation

- Particle-matter simulation toolkits, born in HEP for HEP, are a huge

gift to non-HEP world, and are widely used in science and industry.
itations’ count for Geant4, for example, exceeds 3.2k and still
growing fast (and, most of these are not references from HEP!)

- In the close future, we need to:

- Have an improved descriptions of microscopic interactions. This is needed
to cope with next generation detector R&D, where new materials are
beyond the scope of current approximations.

+ Do not assume that since today simulations are usable, they have reached end
of development phase

- Ensure a better use of resources:
- Geant4 is the single software component which takes more CPU in HEP
processing
- If you want, the toolkit is responsible for most $$$ spent on computing, OR
- A 1% performance improvement here is more $$$ than elsewhere
- Be it via use of new architectures or by rewriting critical parts of the code




These slides should read...

* We have achieved tremendous job and Geant4 now wins a big
success. But we need to do more, and people expect our further
achievements.

* Physics performance and rich functionality are essential. No
doubt on this.

* But we need to put our major efforts on improving the cost

performance of Geant4-based simulation. No single solution
here.

— Code cleanup, data locality improvements, richer event
biasing options, multi-threading, code reengineering, new
trends e.g. GPGPU, etc.

— Just a 10% performance improvement benefits millions of
dollars for LHC, for example.

Concluding remarks - Makoto Asai and Marc Verderi L l/ [L



