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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 
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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

Geant4 is a software toolkit 
for the simulation of the passage of particles in matter

~900000 lines of code
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A broad view: from HEP, beyond HEP
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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 
and applications in many domains

RD44 Status Report, 1995

RD44 Status Report, 1998
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16865 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 

448762 papers
§ Nuclear Physics

339688 papers
§ Nuclear Science & Technology

386641 papers
§ Instruments & Instrumentation

721030 papers

Web of Science, Clarivate Analytics, 22/4/2024 - INFN subscription coverage: 1990 ➟ 

Most cited articles in 
Astronomy & Astrophysics:

14667 citations
Radiology, Nuclear Medicine & Medical Imaging: 

12390 citations

The 5 most cited papers in 
Instruments & Instrumentation are software papers 
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Monte Carlo transport codes
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Higgs boson discovery

SHELX
>76000 citations

Quantum Espresso
~20000 citations

Scopus
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H0: no trend   H1: ➚ trend
Geant4: p < 0.01

Mann-Kendall trend test
Growing trend

Rapidly decreasing trend common 
to HEP landmark discoveries
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Gas-assisted focused electron beam and ion beam
processing and fabrication 
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Related Content
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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
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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.

0031-9155/04/194543+19$30.00 © 2004 IOP Publishing Ltd Printed in the UK 4543

1617 citations 838 citations

1319 citations

714 citations
in particle physics

C
ited by relevant papers

and m
ore…



Maria Grazia Pia, INFN Genova 8

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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Geant4

Other popular physics software systems    

Higgs boson!

SHELX
>76000 citations

Research groups of widely varied sizes use 
Geant4: from XS to XXL
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Geo-distribution: how fair?
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In econometrics, fairness of distribution is measured by inequality indices  
“The N richest people in the world are worth more than the poorest X%”
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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

Hill indices can be interpreted as 
effective number of species

compare the diversity 
of communities 
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Diversity of research areas
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Diversity w.r.t. HEP

13

2005 2010 2015 2020

0

2

4

6

8

Year

H
ill1

 in
de

x,
 a

re
a

Geant4
Higgs 2012 ATLAS
DELPHES
Pythia 6.4
PDG 2008
PDG 2014
PDG 2020

Geant4 citations exhibit much 
greater diversity of research 

areas than the citation of 
landmark HEP papers 
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Greater diversity is also observed 
w.r.t. the origin of the citations of 

other Monte Carlo transport codes

Geant4 MCNP FLUKA
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country

Warning: the small number of citations of some 
Monte Carlo codes is liable to generate apparent 

artifacts in the calculation of Hill indices
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Patents based on Geant4
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(USPTO)

H0: no trend
H1: ➚ trend

p < 0.01

Mann-Kendall
and

Cox-Stuart
trend tests

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

Year of issue

N
um

be
r o

f p
at

en
ts

0

20

40

60

80

100

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

Year of issue

N
um

be
r o

f p
at

en
ts

0

5

10

15

20

25

30

2003-2023

>600 patents
 European Patent 

Office

with growing trend



Maria Grazia Pia, INFN Genova

Conclusions

15

Depth of thought

Many new and original ideas

Courage

Geant4 metrics       >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 and large groups to produce scientific results 

Diverse research areas and fair geographical spread 

Paradigm shift

Objective quantification of Geant4 
scientific and social impact

through rigorous statistical data analysis 
More in progress, paper under review… 
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