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ABSTRACT 

A project towards object-oriented design and implementation of GEANT (ProdiG 
project) is now under consideration and this is a brief report of current status. 
Viewing (JEANT as a general purpose detector simulation package, motivations for 
making it object-oriented and possible issues for this end are discussed. Then, a pre-
liminary attempt of analyzing and designing detector .simulation program is given. 
Also it i-, discussed the possibility and necessity of the world wide collaboration for 
it. 

1. P r o d i G P r o j e c t — I n t r o d u c t i o n 

Recognising shift of paradigm of comput ing environment in recent days, we 
realize that the available H E P software resources, a l though they are reasonably well 
es tabl ished, are based on older paradigm. In order to use them for future, it may 
be necessary to upgrade thetn substant ia l ly to fit to modern environment and it 
will 1«> necessary to use good software engineering technique to do so effectively. 
Recently, it is recognized that object-oriented m e t h o d is one of such techniques, 
however, it lias not been demons t ra ted yet tha t the technique is useful enough for 
H E P software. Considering this, we want to know whether the technology works 
well and useful for H E P software. To under s t and how it works we feel t ha t we need 
to consider it seriously and to try making use of it. 

T h e project P rod iGj l ] . which s t ands for "Project for designing and imple-
men ta t i on of G E A N T " has been formed to this end. The project picked GEANT[2] 
as a typical H E P program which is recognized as useful and . a t the same t ime, is 
suspected that some undesirable features exist for the applicat ions in real s i tuat ions 
of future exper iments . 

1.1. Project Objrr.tim:." mid Goal:' 

T h e pr imary goal of the project is to make G E A N T object-oriented, or to de-
sign a defector s imulat ion program, in general, by the object-oriented methodology. 
It s t a r t s with reviewing the existing version of G E A N T as well as o ther detector 
s imulat ion programs and (lie object-oriented methodology. Then , it is necessary to 

99 

T O、iVA R D S O D J E C T - OR.lE N T E D  G E A N T  
PI 

)'0ミI1illol>lI TAKAI¥¥"A， 
KatslI¥'a .JulI-icbi K A N Z A K I， 1111<1 Takashi SASAKI 

I¥Tl， (.¥"011ρ1IC11  Laboral07'y [0. /ligh Ellergy Physics) 
1.10110.7・町.Imba，lbamki .905， Japall 

A s S T H A C T  

A  I'rnj川 1 lowards objl'rt'OI'il'lIl<'d  d円 ign alld implenu'ntation of G E A N T  (ProdiG 
pro.l円 1) i只' 1 ( 川口nd C'r rtlld this 只 11 brief rcport of current status 

i1 gpJlp)"ell plIrpo附【II'kctor simulation packagc， motivations for 
if ohj刊 t-OrIf'ut円/ "11<1 [>0刑 hlr. js刊何 for this肝，，/ are discllssed. Then， a  rr('-

Iilllill川} 九Irf'lllpt of e¥1Ji1lyzillp;川，d d円 iglling detcclor si l¥1lllatiol1 program Is given .  
.. ¥  J町、 '1 ，、 di阿 11日内1111，、(lO陪 ilリJily and y  of t!t" world wide coJ1aboratioll for 

1. P r o d i G  Project - I nt.l'Od u c t.iol1 

np('ogni7 1llg "hift of 1'.11'<I<li日111 of 【りm(>nting pnVirOlllllPllt in rp('ellt d日ys，¥ve 
1'f'11li7(> thnt tlw .I¥';tihlhh、H E P soft ¥¥'<11'(・ n 判l 1U・ces，日lth Ol1g h  t  hc)' arc rf'elsonelbly well 
円 l;lhli"lw<1， ilrf' IJ;円刊l り11 ，，1<1('1・ p m a<1i広llI， 111 order to l1Sりt.!IeI11 for futurc， it 11l日y
1)(， 11f'('('明日1下 t11 1tp広rildf' 111f'1ll只nIJ只tHnti日lly to fit to llloderll ellyirOllmellt a n d  it. 
¥¥'ill h(、1]("" 同'.1ry t  0  115(> 広川，< 1 50ft ¥¥'an' f'1!，!!;incf'ri1!巴 tedmiquc to d o  50 廿仔e d h - d y，
n f'rf'lltly， it 1刊" 収1 l17.川1 that ol，j('c! -oriellted lllf'thod is 0111' of sllch techniql1es司
110¥¥・円"'1¥ il has l10t lH'f'l1 d f'llIoll只t1'alcd yf't  th日t 111<' tccll11ique is lJseful enol1g h  for 
H E P 則 )ft¥¥'an'. ぐり11ペi<krill広 this， ¥y('、¥-Hllt to kno¥¥' whethc!' the tcchllo1口氏y works 
¥"，'ll 日l Hl 11日oflll f"I' H E P  同，ft ¥Y.日('. T o  tlllderst.a n<l h o w  it 、，¥'orks w e  feel that w e  lIecd 
to C()!1"i，k r  it ，，"riollsly a w l  to "f i  t.. 

TI J<' ぜ、1'1刊 j  刊 .寸t P  川 liG!川1)ト， ¥机w叶1γ汁，!t山idl 只対山引tれta臼川i
山 、n川1れ川川f川1<山川【り川山》凡山11 【oイf仁G E A心NTγ.目， IいIμ:悼 1J，川"円‘"'1引I日1 [，り川川】凡汀川川n山山'lll川 t  り th出i只 P門叩11山川ld， TIlf' proj 肘 t  picked G E A N T [ 2 ]  
日只 a typicnl H E P  ]ll'O，!!;r<llll ¥¥'!tich is 1刊・0広I1lZ刊 1 as 115cful a l!(L  at the Sil lJlC  t.i mぞ， 18 

1>1，、 f刊 lt 111円 eXl叶 fOI・Ihe applicHtions in H'al Si t.l111tions 
of f11t n 1'(' f'Xl lCTi11 1<'llts. 

1.1. Pmjecf ()/，j(γ tilw.' (/1/.，{ G o"l.. 

Tllf' prim日ry goal ()f t  11<' (>n巾γi s tり m a k e G  E A N T  ohjf'ct.-りricl1t.f'd‘0 1' t.o de-
si，!!;ll a  <If'I刊 101'只illl1l1れtiOll ]>1'0広I <llll，ill [!;('IIf'1'al. by t  Iw objf'cl-orjpIlted lIlethodology. 
I t 只tm.ts ¥¥'ith r<'¥封、¥Y1Il広 t!t<、 "xisti11g ¥'f'1討iOll ()f G E A N T  as w el1 11日 ot llf'r  detcc!or 
Sillltlh，1  j()lJ p 1'O広rill lJ只 illul t  lw りl少'ct.-oril'llt刊 l met hodology. T h e n， it. is necessary to 

日目

MC 93, Int. Conf. on Monte Carlo Simulation 
in High Energy and Nuclear Physics

6

An Old Tale
� Mini-workshop on Object-Oriented GEANT

z 24-27 Aug. 1993 at CERN
zAgreed to held this just after 

CHEP92 at Annecy
zParticipants just
�CERN/CN/AS members
�KEK Physics Department and 

Computer Center members

� Seeds of Geant4
zObject-Oriented Analysis and 

Design of GEANT at KEK (ProdiG
project) 

z Investigation of class hierarchy for 
GEANT at CERN

� Outcome
zAgreed to merge two activities

Agenda of the workshop

S. Giani, Investigation of a 
class hierarchy for GEANT

Lawrenre Berkeley Laboratorv, USA OCR Output

P. Gee, B. Greiman, D.Hall, C. Tull

L.#\I’I’. Annecy, France

M.Mavjre

International Christian Uiiiversity, Mitaka 181, Japan

Y.Nakagawa, T. Yamagata

I{FI{I. Budapest, Hungary

L. Urban

I{EI{. Tsukuba 3U5` Japan

K.Amak0, J.Kcmzaki, T.Sasaki, Y. Takaiwa

HewIett—Packa1‘d, Geneva

M.Benm"d

Freiburg University, Germany

O.Schaile

CERN CN division

J.Shier.s

A.Nathcmicl, A.Osb0rne, S.Ravndal, F.Rademakers, L.R0bert.s0n,

M.Ballintijn, J.P.Baud, R.Brun, O.C0uet, S.G'iamj, F.Hcmmer

Tata Institute of Fundamental Research. Bombay, India

S.B¢merjec

III. PI1ysikaIis<:hes Institut, RVVTH Aachen, Germany

H.Fe.sefeldt

Sq; · :2%
May 26, 1994AQQKJ ·&RLc’C¥

{Om? Letter of intent to the DRDC
.
O}5
_¤ L LU

SC00O00706
mm VIINIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHI DRDC/94-28

CERN LIBRARIES, GENEVA

P58 Proposal 
to CERN Detector 
R&D Committee

1993

1994

April 1997: First alpha release
July 1998:  First beta release

15 December 1998 
Geant4 0.0 is born
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What has Geant4 been doing for 25 years?
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RD44 mandate: 
creating a detector simulation toolkit necessary for the next generation of 

HEP experiments 

“A variety of requirements also come from heavy ions physics, CP violation physics, 
cosmic rays physics, medical applications and space science applications. In order to meet 

such requirements, a large degree of functionality and flexibility has to be provided.” 

“Geant4 has a multi-disciplinary nature, 
providing functionality in a set of different scientific fields. 

The Geant4 Object-Oriented design allows the user to 
understand, extend, or customise the toolkit in all the domains.” 

1998

1994

Enabling scientific production

RD44 Status Report, 1995

RD44 Status Report, 1998
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16023 citations
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ARTICLE IN PRESS

Nuclear Instruments and Methods in Physics Research A 506 (2003) 250–303

Geant4—a simulation toolkit

S. Agostinelliae, J. Allisonas,*, K. Amakoe, J. Apostolakisa, H. Araujoaj,
P. Arcel,m,x,a, M. Asaig,ai, D. Axeni,t, S. Banerjeebi,l, G. Barrandan, F. Behnerl,
L. Bellagambac, J. Boudreaubd, L. Brogliaar, A. Brunengoc, H. Burkhardta,
S. Chauviebj,bl, J. Chumah, R. Chytraceka, G. Coopermanaz, G. Cosmoa,

P. Degtyarenkod, A. Dell’Acquaa,i, G. Depaolay, D. Dietrichaf, R. Enamiab,
A. Feliciellobj, C. Fergusonbh, H. Fesefeldtl,o, G. Folgera, F. Foppianoac,

A. Fortias, S. Garelliac, S. Giania, R. Giannitrapanibo, D. Gibinm,bc, J.J. G !omez
Cadenasm,bp, I. Gonz!alezq, G. Gracia Abriln, G. Greeniausp,h,ag, W. Greineraf,
V. Grichinef, A. Grossheimm,z, S. Guatelliad, P. Gumplingerh, R. Hamatsubk,
K. Hashimotoab, H. Hasuiab, A. Heikkinenah, A. Howardaj, V. Ivanchenkoa,ba,
A. Johnsong, F.W. Jonesh, J. Kallenbachaa, N. Kanayai,h, M. Kawabataab,
Y. Kawabataab, M. Kawagutiab, S. Kelnerat, P. Kentr, A. Kimuraay,bb,

T. Kodamaaw, R. Kokoulinat, M. Kossovd, H. Kurashigeam, E. Lamannaw,
T. Lamp!enah, V. Laraa,l,bq, V. Lefeburel, F. Leibh,be, M. Liendll,a,br,

W. Lockmanj,bn, F. Longobm, S. Magnik,au, M. Maireao, E. Medernacha,
K. Minamimotoaw,al, P. Mora de Freitasap, Y. Moritae, K. Murakamie,

M. Nagamatuaw, R. Nartallob, P. Nieminenb, T. Nishimuraab, K. Ohtsuboab,
M. Okamuraab, S. O’Neales, Y. Oohatabk, K. Paechaf, J. Perlg, A. Pfeiffera,

M.G. Piaad, F. Ranjardn, A. Rybinak, S. Sadilova,ak, E. Di Salvoc, G. Santinbm,
T. Sasakie, N. Savvasas, Y. Sawadaab, S. Schereraf, S. Seiaw, V. Sirotenkoi,al,

D. Smithg, N. Starkovf, H. Stoeckeraf, J. Sulkimoah, M. Takahataay, S. Tanakabg,
E. Tcherniaeva, E. Safai Tehranig, M. Tropeanoae, P. Truscottbe, H. Unoaw,

L. Urbanv, P. Urbanaq, M. Verderiap, A. Walkdenas, W. Wanderav, H. Weberaf,
J.P. Wellischa,l, T. Wenausu, D.C. Williamsj,bf, D. Wrightg,h, T. Yamadaaw,

H. Yoshidaaw, D. Zschiescheaf

aEuropean Organization for Nuclear Research (CERN) Switzerland
bEuropean Space Agency (ESA), ESTEC, The Netherlands

c Istituto Nazionale di Fisica Nucleare (INFN), Italy
dJefferson Lab, USA

eKEK, Japan

*Corresponding author. Tel.: +44-161-275-4179; fax: +44-161-273-5867.
E-mail address: john.allison@man.ac.uk (J. Allison).

0168-9002/03/$ - see front matter r 2003 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0168-9002(03)01368-8

Most cited paper in 
§ Particles & Fields Physics 

436176 papers
§ Nuclear Physics

335328 papers
§ Nuclear Science & Technology

380632 papers
§ Instruments & Instrumentation

696376 papers

Web of Science, Clarivate Analytics
14 September 2023

INFN subscription coverage: 1990 ➟ 

Most cited articles in 
Astronomy & Astrophysics:

14099 citations
Radiology, Nuclear Medicine & Medical Imaging: 

11906 citations

The 5 most cited papers in Instruments & Instrumentation are software papers 
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Monte Carlo transport codes
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REVIEW ARTICLE |  AUGUST 11 2008

Gas-assisted focused electron beam and ion beam
processing and fabrication 
Ivo Utke; Patrik Hoffmann; John Melngailis

J. Vac. Sci. Technol. B 26, 1197–1276 (2008)
https://doi.org/10.1116/1.2955728

Related Content

Three‐dimensional electron‐beam lithography using an all‐dry resist process

Journal of Vacuum Science & Technology B: Microelectronics and Nanometer Structures Processing, Measurement, and
Phenomena (November 1996)

Electron-beam-based photomask repair

Journal of Vacuum Science & Technology B: Microelectronics and Nanometer Structures Processing, Measurement, and
Phenomena (December 2004)

Density determination of focused-electron-beam-induced deposits with simple cantilever-based method

Appl. Phys. Lett. (January 2006)

 14 Septem
ber 2023 22:43:27

816 citations

797 citations

1244 citations

6121 citations

967 citations

797 citations

726 citations

594 citations

INSTITUTE OF PHYSICS PUBLISHING PHYSICS IN MEDICINE AND BIOLOGY

Phys. Med. Biol. 49 (2004) 4543–4561 PII: S0031-9155(04)80763-2

GATE: a simulation toolkit for PET and SPECT

S Jan1, G Santin2,24, D Strul2,25, S Staelens3, K Assié4, D Autret5,
S Avner6, R Barbier7, M Bardiès5, P M Bloomfield8, D Brasse6,
V Breton9, P Bruyndonckx10, I Buvat4, A F Chatziioannou11, Y Choi12,
Y H Chung12, C Comtat1, D Donnarieix9,13, L Ferrer5, S J Glick14,
C J Groiselle14, D Guez15, P-F Honore15, S Kerhoas-Cavata15,
A S Kirov16, V Kohli11, M Koole3, M Krieguer10, D J van der Laan17,
F Lamare18, G Largeron7, C Lartizien19, D Lazaro9, M C Maas17,
L Maigne9, F Mayet20, F Melot20, C Merheb15, E Pennacchio7, J Perez21,
U Pietrzyk21, F R Rannou11,22, M Rey2, D R Schaart17, C R Schmidtlein16,
L Simon2,26, T Y Song12, J-M Vieira2, D Visvikis18, R Van de Walle3,
E Wieërs10,23 and C Morel2

1 Service Hospitalier Frédéric Joliot (SHFJ), CEA, F-91401 Orsay, France
2 LPHE, Swiss Federal Institute of Technology (EPFL), CH-1015 Lausanne, Switzerland
3 ELIS, Ghent University, B-9000 Ghent, Belgium
4 INSERM U494, CHU Pitié-Salpêtrière, F-75634 Paris, France
5 INSERM U601, CHU Nantes, F-44093 Nantes, France
6 Institut de Recherches Subatomiques, CNRS/IN2P3 et Université Louis Pasteur,
F-67037 Strasbourg, France
7 Institut de Physique Nucléaire de Lyon, CNRS/IN2P3 et Université Claude Bernard,
F-69622 Villeurbanne, France
8 PET Group, Centre for Addiction and Mental Health, Toronto, Ontario M5T 1R8, Canada
9 Laboratoire de Physique Corpusculaire, CNRS/IN2P3, Université Blaise Pascal,
Campus des Cézeaux, F-63177 Aubière, France
10 Inter-University Institute for High Energies, Vrije Universiteit Brussel, B-1050 Brussel,
Belgium
11 Crump Institute for Molecular Imaging, University of California, Los Angeles,
CA 90095-1770, USA
12 Department of Nuclear Medicine, Samsung Medical Center, Sungkyunkwan University School
of Medicine, Seoul 135-710, Korea
13 Département de Curiethérapie-Radiothérapie, Centre Jean Perrin, F-63000 Clermont-Ferrand,
France
14 University of Massachusetts Medical School, Division of Nuclear Medicine, Worcester,
MA 01655, USA
15 DAPNIA, CEA Saclay, F-91191 Gif-Sur-Yvette, France
16 Department of Medical Physics, Memorial Sloan-Kettering Cancer Center, New York,
NY 10021, USA
17 Delft University of Technology, IRI, Radiation Technology, 2629 JB Delft,
The Netherlands
18 INSERM U650, Laboratoire de Traitement de l’Information Médicale (LATIM),
CHU Morvan, F-29609 Brest, France
19 ANIMAGE-CERMEP, Université Claude Bernard Lyon 1, F-69003 Lyon, France
20 Laboratoire de Physique Subatomique et de Cosmologie, CNRS/IN2P3 et Université
Joseph Fourier, F-38026 Grenoble, France

24 Present address: ESA—European Space and Technology Centre, 2200 AG Noordwijk, The Netherlands.
25 Present address: CNRS-LESIA, Observatoire de Meudon, F-92190 Meudon, France.
26 Present address: Institut Curie, Service de Physique Médicale, F-75005 Paris, France.
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1617 citations
838 citations

1319 citations

714 citations
in particle physics

C
ited by relevant papers

and more…
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https://doi.org/10.1007/s10444-023-10065-9

Finite basis physics-informed neural networks
(FBPINNs): a scalable domain decomposition approach
for solving differential equations

Ben Moseley1 · Andrew Markham2 · Tarje Nissen-Meyer3

Received: 23 June 2022 / Accepted: 28 June 2023 / Published online: 31 July 2023
© The Author(s) 2023

Abstract
Recently, physics-informed neural networks (PINNs) have offered a powerful new
paradigm for solving problems relating to differential equations. Compared to classi-
cal numerical methods, PINNs have several advantages, for example their ability to
provide mesh-free solutions of differential equations and their ability to carry out for-
ward and inverse modelling within the same optimisation problem. Whilst promising,
a key limitation to date is that PINNs have struggled to accurately and efficiently solve
problems with large domains and/or multi-scale solutions, which is crucial for their
real-world application. Multiple significant and related factors contribute to this issue,
including the increasing complexity of the underlying PINN optimisation problem as
the problem size grows and the spectral bias of neural networks. In this work, we
propose a new, scalable approach for solving large problems relating to differential
equations called finite basis physics-informed neural networks (FBPINNs). FBPINNs
are inspired by classical finite element methods, where the solution of the differen-
tial equation is expressed as the sum of a finite set of basis functions with compact
support. In FBPINNs, neural networks are used to learn these basis functions, which
are defined over small, overlapping subdomains. FBINNs are designed to address the
spectral bias of neural networks by using separate input normalisation over each sub-
domain and reduce the complexity of the underlying optimisation problem by using
many smaller neural networks in a parallel divide-and-conquer approach. Our numer-
ical experiments show that FBPINNs are effective in solving both small and larger,
multi-scale problems, outperforming standard PINNs in both accuracy and computa-
tional resources required, potentially paving the way to the application of PINNs on
large, real-world problems.

Communicated by: Siddhartha Mishra

B Ben Moseley
benjamin.moseley@ai.ethz.ch

1 AI Center, ETH Zürich, Zürich, Switzerland
2 Department of Computer Science, University of Oxford, Oxford, UK
3 Department of Earth Sciences, University of Oxford, Oxford, UK

123

Advances in Computational Mathematics (2023) 49:62

Geant4 is used in many different fields…
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Research groups’ size: 
from XS to XXL

Geant4

Other highly cited software systems    

Higgs boson!SHELX
>76000 citations

Quantum Espresso
~20000 citations

Research groups of widely varied sizes use Geant4
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Fairness
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In econometrics, measured by inequality indices  

“The N richest people in the world are worth 
more than the poorest X%”
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Lperfect equality

Pietra
index

Pietra index 
(AKA Ricci-Schutz index, Hoover index, Robin Hood index)

P = max(Lpe(x) – L(x))
Used in derivative markets as a benchmark measure of 
statistical heterogeneity

Gini index 
Most common measure of inequality

Theil index (the same as redundancy in 
information theory),
Kolm index, coefficient of variability, 
generalized entropy etc.

Atkinson index
Used to calculate the proportion of total income 
that would be required to achieve an equal level 
of social welfare as at present, if incomes were 
perfectly distributed

more unequal society 
0 1

0 ≤ G ≤ 1
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Geo-inequality
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Geographical distribution evaluated 
by means of econometric methods
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Diversity
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Concept drawn from ecology:
number of species and their abundance

Diversity measures the richness and the complexity of a community
Related to the concept of entropy in information theory
Measured by several indices, with different sensitivity to rare species

Hill indices 
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Recent consensus on Hill indices to measure diversity: 
mathematical functions that combine richness and evenness
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Diversity of the research areas of citing papers
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H0: no trend
H1: ➚ trend

Geant4: p < 0.01

Mann-Kendall
trend test

Geant4 citations: 
largest diversity, growing

Geant4

ATLAS/CMS Higgs 2012

H0: no trend
H1: ➚ trend

Geant4: p < 0.01

Cox-Stuart 
trend test

Hill indices can be interpreted as 
effective number of species

compare the diversity 
of communities 
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Non-univocal trends 
for some target papers

Largest diversity also when the 
emphasis is on rare species or 
on more common ones  q = 0.5 q = 2
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A step forward: the Web of Science as a web
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Network analysis over words (in titles and  abstracts), authors, institutes etc. 

Moving from flat tables to graphs Example 
WoS records of the 2022 

citations of the Geant4 
NIM A 2003 paper

measurement: 374 occurrences
115 relevant words 
out of 21699 words occurring 
in titles + abstracts of 1060 citing papers
(relevant: appearing in at least Nthreshold = 30 papers)

The analysis clusters the connections in the Web of Science data

What interacts with what? Who with whom?

What is ”measurement” related to 
in Geant4 citations?
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Analysis in progress

US patents retrieved from the 
United States Patent and Trademark Office (USPTO)

290

H0: no trend
H1: ➚ trend

p < 0.01

Mann-Kendall
and

Cox-Stuart
trend tests
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Conclusions
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“Geant4 has a multi-disciplinary nature, 
providing functionality in a set of different scientific fields. 

The Geant4 Object-Oriented design allows the user to 
understand, extend, or customise the toolkit in all the domains.”

Design

Depth of thought

Many new and original ideas

Courage

>16000 citations
Most cited paper in Particle and Fields Physics, Nuclear Physics, 

Nuclear Science and Technology, Instruments and Instrumentation 
Most cited paper authored by CERN, ESA, INFN...

Enables small research groups and large collaborations to produce scientific results 
Diverse research areas and fair geographical spread 

Paradigm shift


