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Dropping Compoments

® Momo will be dropped in the v11 release.
o Java Front-end for G4 application builder

"Python2 : End of life
o Python2 became End of Life in Apr/2020.

o Python2 codes will be dropped in the v11 release.
o Only support Python3 codes
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Python @, python

" Python is more popular environment in science.
o important tool in data science
o packages : Anaconda (numpy, scipy, ...)
o data management : pandas.DataFrame
o plot tools : matplotlib, plotly, ...
odupyter (JupyterlLab, JupyterNotebook) ecosystem
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Geant4 Ul & App.

Python App.

Python as
software component bus

No Interface
w/ C++ API

App Drive

w/ G4-Ul commands Geant4 User Applications

Python Front End ﬁ
7 python” o em®

>>> import Geant4 Jupyter

Ul Session

GUI | oL | Batch |
(@4 csh, tcsh  macro file

Ul commands Jrun/beamOn, ... Python binding
Geant4 Kernel
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S0o0st.python to Pybind11

" Backend tools for C++ binding to Python

" pybind11
o https://qgithub.com/pybind/pybind11
o Seamless operability between C++11 and Python
o header only
o C++11 (modern C++) support
o STL container support
o wrapper approach is very similar to boost.python

" reviewing binding Geant4 classes/methods

" new example using Jupyter-lab and save as ipynb file
o Anaconda : CSV data + pandas + matplotlib -> full chain of simulation and analysis
o VTK (paraview) + Jupyter / WebGL (gITF) + Jupyter
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https://github.com/pybind/pybind11

Jupyter & Ecosystem
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ZeroMQ Message Backend

o very popular tool : stable, easy to install

¥ light-weight socket API

o send a message from client to sever REQ

® support different message patterns
o REQ - REP (Request — Reply model)

o reply a message from sever to client

SITE message

|
® Many language bindings reply

o C/C++, Python, Ruby, PHP, Perl, Java, ...

REP
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G4/MQServer

® An alternative Ul session like

o Ul terminal, Qt session, Batch session, ....

o /environments/zmq

( N
auto zmag_session = new G4ZMQServer();

zmaq_session-> SetEndpoint(endpoint);
// endpoint is like tcp://127.0.0.1:5555

zma_session -> SessionStart();
. J

®"Waiting a message / Receive a message /
Execute Ul (primitive) commands / Send back an output
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/ZeroMQ) client

® Clients can be in any languages that ZeroMQ is bound.

® Simple pyclient module : g4zmq (written in Python)
(" )

>>> import g4dzmq

>>> g4zmgq.connect()
>>> g4zmaq.ls(“/run”)
>>> g4zmq.help(“/run/beamOn”)

>>> g4zmaq.apply(“/run/beamOn 10”)

& J
¥ Language bindings :

o Python, Julia, Ruby, Perl, PHP, JAVA, ...

o _http://zeromqg.org/bindings: start
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http://zeromq.org/bindings:_start

Notes on ZMQ interface

" ZMQ interface is an alternative of Ul session.

" You can drive Geant4 app in the same way as Ul terminal.
o send a Ul command, execute, get a response (output)

o more friendly for scripting

® CANNOT directly access to Geant4 objects like native Python
interface approach (Geant4Py).
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JLocutus [igeant4 EY
LICENSE README.md gdkernel/ geantd,

: jupyter console hernet geant4
Jupyter console 5.1.8

HERRE  BREAERE # # # ppanaEr ¥ #
# # # ¥ #F # # # ¥
#pEER e # # # # # # R
# #* # sunpaan # 2 # # #
# # ¥ # # ¥ ## # #
HERRE  HRRHERE # # # # # #
Geant4 Jupyter kernel 1.0 —— Jupyter frontend for Geant4 UI
Geant4 UI commands -> Execute UI commands
pwd/cwd/cd/1s/1c ~> move/show UL command tree
#message -> Echo message
help command -> Details about commands
%shell ~> Shell command
ssconnect ~-> Connet to G4ZMQ server
In [1]: %connect

ean ernel for Jupyter

In [2]: s

Command directory path : /
Sub-directories :

N N N Y /control/  UI control commands.
" — /units/  Available units.
. . /process/  Process Table control commands.
/analysis/  ...Title not available...

sparticles . particle cantrol. comands.
/geonetry/  Geometry control conmand
Jrackings  Trackingianager. and Steppingtanager control conmands.
Jevent/  EventManager control commands.
Jcuts/  Conmands for G4VUserPhysicsList.
/run/  Run control commands.
Jrandon/  Random number status control commands.
/material/  Conmands for materials

# j u pyte r CO n S O | e o ke r n el g eant4 o et ticte G consrot. comtanes. |- PTAeice siutation engine.

/heptst/  Controls for the hadronic energy/momentun test
/physics_engine/ ...Title not available
iands :
In [3]: /run/f

rur
/run/initialize
/run/bean0
/run/verbo:
/mn/prlnthgress
/run/nunber

You can do: EE T
connect to G4 zmq server -—

execute Ul / shell commands

completion =

i tiste/  conmands selated to the physics aimlation engine.
un/  Fareiele Gun control conmanda.
' Jnaptat/ " Contzols for tha hadronic snexgy/scmestun test
I S-t O ry enginel .omitia not svailen

s for GaviserhysicsList.

1o (15): /run/beazon 10

shell (bash) exec (ex. %shell Is LR

ndots for tho Gitesion Dotaultaesionsormokoei
Trowotiogrie ¢ Emine v

O O O O O

‘angularGensautersavrila Fluoactive
compt: for gamea  subtypos 13 suilatables
i

v, 7 bine por docade, apl
100 7oV in 56 bine

Tioln-rinina ¢

convi for gama  sublypo= 14 Bullémablos 1
Lanbda tablo from 1.022 eV o 100 eV, 18 bins per dosado, splinos 1
for tho Giresion. ofatizsegionzorshovori

Eine o0 ooy

™ 1
un/
Jron/iniesanize

o run/beanon
1 (123: feun/verbose
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https://github.com/koichi-murakami/igeant4

MPI Issue

"MPI: A Message-Passing Interface Standard Version 3.1
Message Passing Interface Forum
says

“The C++ bindings were deprecated as of MPI-2.2. The C++ bindings are
removed in MPI-3.0. The namespace is still reserved, however, and bindings may
only be provided by an implementation as described in the MPI-2.2 standard. *

o The situation does not change in the 2019 draft specification, hoeplessly in MPI-4

®openMPI v1.10.1 is the latest version of MPI-2, that supports C++ binding.
o The software status is ‘retired’.
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Message Passing Scheme

" Geant4-MPI interface is based on simple scatter/gather model.
o Implemented in “interface” layer.
o Isolated from G4kernel

G4ZmgMPISession
Controller

o Broadcasting Ul commands (from controller to workers) broadcast Ul Comma"d
o No intercommunications between worker nodes l
[ Message Passing J
" ZeroMQ can be used as a backend of message passing. —

o plan to release in v11 (experimental)

return responses

o message distributor is reusable.

o additional functionalities of controller (hode config, remote shell...)

o communication model of efficient reduce for large scale computing

G4ZmgMPISession
Worker
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New proposal for JSON config

18 lines (18 sloc) = 478 Bytes " Use a JSON as configuration file

// - G4Bench config file written in JSON5 0 Th|s examp|e |S Wri‘t‘ten in JSON5
{

/1 o So far, no association with G4 Ul

1

2

3

; ;:nR?n{Conflguratlon (3()rT]rT1Eir](j53
6 Seed : 123456789,

7 SeedOnce : false,

8

9

G4DATA : "/opt/geant4/data"

b
10 //
11 // Primary setting (Generic)
12 Primary : {
13 particle : "e-",
14 energy : 1000.0, // MeV
15 position : [ @., @., -45. 1, // cm
16 direction : [ @., 0., 1.1,
17 }
18 }

September/24, 2021 26TH GEANT4 COLLABORATION MEETING




How 1o use

= ® JsonParser class as a parser
195 // load config o PicodSON is used as JSON parser.
220 auto jparser = JsonParser::GetJsonParser(); o nlohmann/json is too strict for some expressions
197 bool qload = jparser-> LoadFile(config_file);  JSON / JSON5
o namespace feature for multile files

75 double pkin = ::jparser—> GetDoubleValue("Primary/energy");

- , .
76 gun-> SetParticleEnergy(pkinkMeV); JSON-pointer-like access
77 o “Primary/energy”
78 std::vector<double> dvec; o “Primary/direction”
79 if ( ::jparser-> Contains("Primary/direction") ) {
80 dvec.clear();
81 ::jparser-> GetDoubleArray("Primary/direction", dvec); - Currently 100% user code
82 G4ThreeVector pvec(dvec[0], dvec[1], dvec[2]);
83 gun-> SetParticleMomentumDirection(pvec); ®  Can associate G4Ul commands
% J as pre-loader

September/24, 2021 26TH GEANT4 COLLABORATION MEETING




What about this? : G4 Data

24 std::string kG4ENV_LIST [] =
25 {

26 "G4ABLADATA",

27 "G4LEDATA",

28 "G4ENSDFSTATEDATA",

29 "G4INCLDATA",

30 "G4NEUTRONHPDATA", ' .

S CAPARTICLEKSOATAT, = No need to be bothered by environment variables.
32 "G4PIIDATA"

33 "G4SAI DXSDA'II'A" "

ol ol = |[f G4 environment variables are not set, try to use
i these values. (check for each)

39 std::string kG4ENV_PREFIX_LSIT [] = u if G4 enVS are Set, then Use them

40 {

o aomon, = fully compatible with conventional way
% g, = stil need to specify where G4 data is located (top
6 directory for data)

(6 ToUSATOONTAT, = setenv() is not POSIX (concern)

49 "PhotonEvaporation",

ol = use _putenv_s() for MSVS

52 };

zi std::map<int, std::string> kVer_G4ABLADATA =

55 {

56 {1020, "3.0"}, {1021, "3.0"}, {1022, "3.0"}, {1023, "3.0"},
57 {1030, "3.8"}, {1631, "3.0"}, {1032, "3.0"}, {1033, "3.0"},
58 {1040, "3.1"}, {1641, "3.1"}, {1042, "3.1"}, {1043, "3.1"},
59 {1050, "3.1"}, {1651, "3.1"},

60 {1060, "3.1"}, {1661, "3.1"}, {1062, "3.1"}, {1063, "3.1"},
61 {1070, "3.1"}, {1071, "3.1"}, {1072, "3.1"}
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Summary

® Dropping / Changing features
o Momo
o Python v2 codes
o pybind11 : tool change for python-C++ binding

®ZeroMQ as message passing backend
o G4 ZeroMQ Server as a Ul session. -> Allows to interface with any languages
o Geant4 Ul language kernel for Jupyter
o Alternative backend for MPI-like Message Passing Interface
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